Estimates of combining ability of S2 families derived from the random-mating sorghum population IAP1R by Ess, Keith Richard
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1989
Estimates of combining ability of S2 families




Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, Agronomy and Crop
Sciences Commons, and the Genetics Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Ess, Keith Richard, "Estimates of combining ability of S2 families derived from the random-mating sorghum population IAP1R "
(1989). Retrospective Theses and Dissertations. 9121.
https://lib.dr.iastate.edu/rtd/9121
INFORMATION TO USERS 
The most advanced technology has been used to photo­
graph and reproduce this manuscript from the microfilm 
master. UMI films the text directly from the original or 
copy submitted. Thus, some thesis and dissertation copies 
are in typewriter face, while others may be from any type 
of computer printer. 
The quality of this reproduction is dependent upon the 
quality of the copy submitted. Broken or indistinct print, 
colored or poor quality illustrations and photographs, 
print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these 
will be noted. Also, if unauthorized copyright material 
had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are re­
produced by sectioning the original, beginning at the 
upper left-hand corner and continuing from left to right in 
equal sections with small overlaps. Each original is also 
photographed in one exposure and is included in reduced 
form at the back of the book. These are also available as 
one exposure on a standard 35mm slide or as a 17" x 23" 
black and white photographic print for an additional 
charge. 
Photographs included in the original manuscript have 
been reproduced xerographically in this copy. Higher 
quality 6" x 9" black and white photographic prints are 
available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly 
to order. 
University Microfilms International 
A Bell & Howell Information Company 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 

Order Number 0014896 
Estimates of combining ability of Sg families derived from the 
random-mating sorghum population lAPlR 
Ess, Keith Richard, Ph.D. 
Iowa State University, 1989 
U M I  
SOON.ZeebRd. 
Ann Arbor, MI 48106 

Estimates of combining ability of S2 families derived 
from the random-mating sorghum population lAPlR 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Agronomy 
Major; Plant Breeding and Cytogenetics 
by 
Keith Richard Ess 
Approved: 
In Charge of Major Work 
Iowa State University 
Ames, Iowa 
1989 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
LITERATURE REVIEW 2 
Development of Sorghum Random-Mating Populations 2 
Theoretical Aspects of Sorghum Random-Mating Populations 5 
Results of Selection in Random-Mating Populations 9 
Utilization of Superior Lines Developed Through 16 
Population Improvement 
Gene Action and Combining Ability 18 
MATERIALS AND METHODS 27 
Genetic Materials 27 
Experimental Procedure 29 
Statistical Procedure 35 
Data Analysis 38 
Analysis of Entry Means for Combining Ability Effects 33 
Correlations Among Characters 41 
RESULTS 42 
Analysis of Variance and Means 42 
Combining Ability Analysis of Variance and Estimates of 52 
GCA and SCA Effects 
Correlations Among Characters 62 
DISCUSSION 64 
SUMMARY 72 





Increasing yields and diversifying the garmplasm base are important 
goals of sorghum [Sorghum bicolor (L.) Moench] breeders. Both goals can 
be accomplished simultaneously through recurrent selection. Populations 
may be synthesized from parents that differ in genetic background and 
desirable traits. The population can then be steadily improved by using 
different recurrent selection procedures. From advanced cycles of 
selection, superior inbreds or varieties may be identified. Incorpora­
tion of genetic male sterility into sorghum populations makes the 
intermating of large numbers of plants practical. 
Development of Iowa sorghum population lAPlR was initiated at Ames, 
Iowa in 1973 (Atkins, 1980). The population was constituted by using 
about 80% adapted germplasm and 20% converted exotic sorghums. The 
component male-parent lines all restored pollen fertility when crossed 
to lines possessing the A]^ milo cytoplasm. Random mating within lAPlR 
was facilitated through infusion of the ms3 genetic-male sterility gene. 
IAP1R(M)C3 was advanced each cycle by using gridded mass selection for 
individual-panicle grain weight. Forty S2 families derived from 
selections made in C3 isolation plantings of the population were crossed 
to three male-sterile inbreds to produce 120 single-cross hybrids. 
The objectives of my research were to: 1) evaluate the performance 
of the hybrids for six agronomic characters, 2) estimate general and 
specific combining ability effects of the male and female parents, and 
3) determine the magnitude of correlation between grain yield and the 
other traits measured. 
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LITERATURE REVIEW 
Increasing yields and diversifying the germplasm base are important 
goals of sorghum breeders. Harvey (1977) reported that 87% of the 
female parents and 69% of the male parents used by private companies for 
hybrid seed production were inbreds developed by public agencies. One 
public line, Tx 399 (Wheatland), was used as a seed parent for 45% of 
the acreage reported, while Tx 2536 male parent and its backcross 
derivatives accounted for 55%. A majority of the private company 
breeders contacted in the survey preferred that public agencies develop 
and advance breeding populations by recurrent selection and release the 
germplasm in the form of improved populations. 
Development of Sorghum Random-Mating Populations 
Grain sorghum is primarily self-pollinated (Poehlman, 1979). The 
amount of outcrossing can range from about 2 to 10% (House, 1985). The 
principal constraint in the use of recurrent selection techniques in 
self-pollinated species is the requirement for a large number oE crosses 
during recombination generations (Nath, 1982). With the incorporation 
of genetic or cytoplasmic-genetic male sterility into sorghum 
populations to facilitate crossing, the use of recurrent selection 
became practical. 
The world's first random-mating sorghum population was NPIBR. It 
was synthesized in 1960 by 0. J. Webster (Nordquist et al., 1973). 
NPIBR was developed by crossing 19 fertile lines (both nonrestorer B-
lines and pollen-fertility restorer R-lines) onto cytoplasmic-genetic 
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male-sterile plants (A-lines), followed by random mating of a composite 
of the hybrids produced. Male sterile segregates were harvested in 
successive generations. Jowett (1965) in the early 1960s, synthesized 
the world's second and third sorghum random-mating populations. Both 
breeders used the milo-kafir cytoplasm system of male sterility, msc 
(Stephens and Holland, 1954; Maunder and Pickett, 1959). Population 
development by Jowett at Serere, Uganda was difficult because male 
sterility was not complete and pollen dispersal was poor because of 
partial sterility in many of the fertile plants. 
Methods other than the milo-kafir A]_ cytoplasmic system have been 
suggested to facilitate outcrossing in sorghum. Two genetic male-
sterility genes, ms^ and ^ 7, have been used effectively. The male 
sterile ms-^ was identified in the variety 'Goes' in about 1940 (Webster, 
1965). The msi gene probably is the most widely used genetic male 
sterile in population development today (Ross and Gardner, 1983). Male 
sterility is recessive and populations segregate in a 3:1 ratio of 
fertiles (MS3—) to male steciles (ms^msi), when there are no modifying 
factors (Doggett and Eberhart, 1968). Partial steriles are few, and the 
partial sterility usually is confined to the upper part of the panicle. 
Genetic male sterility (ms^^ms^) is unaffected by the type of cytoplasm, 
therefore, it can be used in developing either B (maintainer) or R 
(fertility restorer) populations (Doggett and Eberhart, 1968). The male 
sterility is stable under a variety of environmental conditions and full 
seed set is obtained under open pollination (Ross and Gardner, 1983). 
Andrews and Webster (1971) found the ms? male sterility in a 
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Nigerian sorghum that had been irradiated with Co^®. They reported that 
it was inherited in a single-gene manner, with male sterility recessive. 
Male-sterility and seed-set characteristics were similar to those for 
msi (Ross and Gardner, 1983). 
The use of genetic male sterility has some disadvantages. First, 
time and resources are required for incorporation of the male sterility 
into inbreds or populations. Also, lines selected from a population may 
require several generations to stabilize the male sterility. Doggett 
(1968) reported that seed set on male-sterile (ms^msi) heads in Africa 
often was reduced by adverse weather conditions, or the heads were 
damaged severely by honey-dew disease, Sphacelia sorghi. Seed set on 
male-fertile heads was much less affected. Obilana and El-Rouby (1980) 
reported that male-sterile plants in their ms? populations in Nigeria 
showed heavy infection with honey-dew disease (ergot). 
Stephens and Holland (1954) first identified and described the 
milo-kafir A% cytoplasm system of male sterility, mSg. This systan has 
been used widely for the production of commercial hybrid seed. 
Unfortunately, in populations with cytoplasmic male sterility only 
fertility restorers (R-lines) can be extracted by inbreeding (Ross and 
Gardner, 1983). Other mechanical methods have been used to enforce 
outcrossing but because of various difficulties their use has been 
limited. 
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Theoretical Aspects of Sorghum Random-Mating Populations 
Doggett (1972) enumerated several reasons why recurrent selection 
in a sorghum random-mating population should be superior to more 
traditional breeding methods, like pedigree selection, for 
quantitatively inherited traits such as grain yield. First, with the 
pedigree system, there are not enough crosses made to break linkage 
groups, and the probability of effective crossing over is minimized 
because homozygosity is achieved rapidly through selfing. Second, with 
pedigree selection it is not feasible to grow a population of sufficient 
size to recover the desired genotype v^en more than a few genes are 
involved in the inheritance. Third, in pedigree selection genetic 
diversity is narrow because of the small number of parents involved in 
the crosses. But with random-mating populations the germplasm base will 
be much broader, and chances for breaking linkage blocks are optimized. 
As the frequency of favorable alleles increases with successive cycles 
of selection, the probability of recovering favorable genotypes from a 
population of limited size is improved. 
The development of a sorghum random-mating population involves 
three steps: (1) selection of component parents, (2) incorporation of a 
genetic male-sterility gene, and (3) intercrossing and random mating 
among parents (Nath, 1982). 
The selection of patents to use in synthesizing a population will 
depend on a breeder's goals. Four basic population types were described 
by Eberhart (1970). Type I populations would be synthesized by using 
only superior U. S. germplasm. Type II populations would be synthesized 
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from elite gerraplasm available throughout the world. Type III 
populations would be synthesized from agronomically elite materials 
which have a high frequency of genes conferring resistance to specific 
diseases or insects. Type IV populations would be germplasm pools 
intended to provide gerraplasm for long range goals. Generally, as the 
number of parents used to synthesized a population increases, the 
population is expected to have greater variability, but the means for 
important plant characters may be reduced (Ross et al., 1976). 
Sorghum populations containing male sterility are random mated over 
several generations to promote recombination and to insure the formation 
of a wide diversity of genotypes through the breakup of initial linkage 
blocks. Hanson (1959) showed theoretically that before beginning 
selection a minimum of four generations of randan-mating should be used 
to insure the breakup of initial linkage blocks. In practice, only 
three generations of random-mating are most often used by sorghum 
breeders before beginning selection and at times sane mild selection has 
been imposed during that period (Eberhart, 1970; Doggett, 1972; Ross, 
1973). 
Nonrandom mating or stratified crossing occurs when there is a 
tendency for early plants to cross with early plants and late plants 
with late plants (Ross and Gardner, 1983). Adjacent fertile plants, and 
perhaps taller plants, also tend to furnish pollen to the male-sterile 
plants. Stratified crossing is decreased by plant tillers and brisk 
suntner winds. Ross and Gardner (1983) indicated that nonrandom-mating 
is not a serious factor in Nebraska. 
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After the base population containing male-sterility has been 
synthesized and random matings are completed, improvement by recurrent 
selection can begin. Recurrent selection in the broad sense is any 
cyclic scheme of recombination and selection of genotypes by which 
frequencies of favorable genotypes are steadily increased in a 
population (Nath, 1982). 
Mass selection is the easiest of recurrent selection methods, and 
it requires the fewest resources and only one generation per cycle 
(Nath, 1982). Mass selection may be relatively efficient when only one 
crop can be grown per year and it can be used advantageously when staff 
and funds are limited (Doggett and Eberhart, 1968). The most basic mass 
selection scheme for grain yield involves growing the base population 
containing genetic male sterility in isolation, allowing open 
pollination. Plants that display unfavorable traits can be eliminated 
before flowering. Male-starile heads are identified and tagged at 
flowering. During harvest, selection is made between male-sterile heads 
for traits of interest. Equal amounts of seed are sampled from selected 
heads, composited, and planted in isolation the following season. This 
basic method has been modified a number of ways to use other criteria or 
procedures of selection. 
Mass selection has been effective in sorghum for modifying highly 
heritable traits such as plant height and maturity (Doggett, 1968; Jan-
orn et al., 1976). It has been used effectively to make populations 
more desirable for height and maturity before more sophisticated methods 
of recurrent selection requiring family evaluation are used. Singh 
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(1977) described the development of source populations containing 
recessive height and maturity genes combined with male-sterility genes 
for simultaneous conversion and improvement of alien sorghums. 
When mass selection is practiced for a trait that can be observed 
before flowering, undesirable plants can be removed before pollination 
thereby achieving complete parental control for traits such as cold 
tolerance (Mendoza et al., 1977) and leaf composition (Gorz et al., 
1982). 
Mass selection generally has not been so effective as other 
recurrent selection methods in selecting for quantitatively inherited 
traits such as grain yield (Eberhart, 1972; Jan-orn et al., 1976). In 
corn, factors that contributed to the seeming ineffectiveness of mass 
selection were poor isolation, no environmental control, genotype x 
environment interaction, no parental control and poor plot technique 
(Hallauer and Miranda, 1988). A number of methods have been suggested 
to help overcome these problems in sorghum. 
Adequate isolation is a potential problem in major production 
areas. Nebraska sorghum isolations have been spaced at least 300 m (987 
ft.) apart (Ross and Gardner, 1983). Contamination between an isolation 
plot and other sorghum is decreased when the intervening space is 
planted to a tall crop such as corn. Staggered planting dates between 
isolations also have reduced contamination. 
Genotype x environment (GxE) interaction may make selection at one 
central location of little value for improving performance over a wide 
area (Mareck and Gardner, 1979; Lothrop et al., 1985b). In any 
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generation of mass selection, genotypic variance may seem high because 
GxE interaction variance is confound with the genotypic variance. But 
only genotypic variance is fixable, the GxB variance is not. 
Convergent-divergent selection has been proposed to overcome this 
weakness. Lonnquist et al. (1979) reported on the use of convergent-
divergent selection of maize. Another convergent-divergent selection 
scheme is now in progress with orchardgrass (Dactylis glomerata). 
Researchers in Iowa, Wisconsin, Missouri, and Pennsylvania are 
participating in that research (I. T. Carlson, Iowa State University, 
Ames, Iowa, personal communication, 1988). 
Because environmental conditions may differ significantly within an 
isolation, mass selection should follow a gridded procedure (Gardner, 
1961). A gradient for soil moisture content or fertility, could mislead 
a plant breeder into thinking the best genotypes are located in that 
favorable area of the field. Sorghum breeders, therefore, usually 
impose an artificial grid system over the isolation fields, and select 
equal numbers of plants within each grid. Environmental effects within 
the area are thereby minimized. 
Results of Selection in Random-Mating Populations 
Results from recurrent selection should not be judged on yield 
advances alone but also relative to changes in other traits, 
particularly plant height and maturity. Four major genes govern the 
inheritance of plant height in sorghum, and four different loci affect 
the expression of maturity (Singh, 1977). These height and maturity 
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genes have been shown by numerous workers to have a major effect on 
yield (Casady, 1965; Graham and Lessman, 1966). The objective of 
different recurrent selection schemes in sorghum populations is to take 
advantage of variation in yield other than that caused by the major 
genes for height and maturity (Bittinger et al., 1981). Mass selection 
has been effective in sorghum for modifying highly heritable traits such 
as plant height and maturity (Doggett, 1968; Jan-orn et al., 1976). 
When mass selection is practiced for a trait that can be observed 
before flowering, undesirable plants can be removed before pollination, 
thereby achieving complete parental control. That method has been used 
successfully to select for tolerance to high soil temperatures at 
germination (Scheuring et al., 1978a), maximum subcrown internode 
elongation to allow deep planting to reach moisture under drought 
conditions (Scheuring et al., 1978b), and cold tolerance (Mendoza et 
al., 1977). That method also has been used to alter the hydrocyanic 
acid potential in a sudangrass [Sorghum sudanense (Piper) Stapf] 
population (Gorz et al., 1982). 
Livera and Carballo (1976) used mass selection successfully to 
develop sorghum lines that were resistant to cold injury and would set 
normal amounts of seed in the high altitudes of central Mexico. Mass 
selection also was used successfully to develop tolerance of sorghum to 
acid soils in Georgia and led to the release of the acid-soil-tolerant 
germplasm population GPIR (Duncan, 1981). 
Jan-orn et al. (1976) determined that mass selection in NP3R 
sorghum population would be preferable to S% family selection on a gain 
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per generation basis only for the traits days to midbloom, plant height, 
and kernel size. 
Mass selection for 100-seed weight was effective for increasing 
seed size in IAP3BR sorghum (Kwolek et al,, 1986). Unfortunately, the 
overall merit of the population did not improve because of undesirable 
changes in grain yield, seeds/panicle, and panicles/plant. The results 
indicated that family testing for grain yield would serve better than 
mass selection for continued improvement of 100-seed weight and the 
overall merit of the population beyond the fourth cycle. 
Mass selection undoubtedly is the oldest method used in corn-
breeding programs. Ears of selected plants are harvested and shelled, 
and equal quantities of the selected seed are composited for planting 
the following season (Hallauet and Miranda, 1988). Mass selection in 
corn generally is more effective for those traits that are highly 
heritable, and not affected by the environment. 
Mass selection in corn has been used successfully to improve 
morphological traits. Obhiambo and Compton (1987) conducted 20 cycles 
of divergent mass selection for seed size in corn. Selection was highly 
effective for both large and small seed. Unfortunately, selection for 
large seed did not have a significant effect on grain yield. Cortez-
Mendoza and Hallauer (1979) conducted divergent mass selection for ear 
length in 'Iowa Long Ear Synthetic". Significant response in both 
directions occurred after ten cycles of selection. But, selection foe 
increased ear length was not effective for increasing yield. 
Not all result with mass selection in corn have been successful. 
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Williams and Davis (1983), found that two cycles of mass selection for 
resistance to stalk tunneling by the second generation of southwestern 
corn borer were ineffective. They suggested that with a more efficient 
screen and some form of progeny testing, greater gains could be made. 
Selection for grain yield in corn usually is more effective using 
some type of progeny selection, because yield is greatly affected by the 
environment and its heritability on an individual-plant basis usually is 
low. Gardner (1975) used 19 cycles of gridded mass selection for 
improved grain yield in the cultivât 'Hays Golden' at Lincoln, Nebraska. 
Although the average gain per cycle was 3% during the first 15 cycles, 
grain yield dropped approximately 15% in cycles 16 through 19. Other 
experiments (Mareck and Gardner, 1979; Center and Eberhart, 1974) that 
evaluated the cycles over a broad range of environments showed a lower 
rate of gain, indicating that genotype x environmental interaction can 
bias the results when the population is evaluated only at the location 
where it was selected. Hallauer and Sears (1969) selected for grain 
yield by using gridded mass selection in two open-pollinated corn 
varieties, 'Iowa Ideal' and 'Krug', at Ames, Iowa. After five and six 
cycles they found little improvement, even though significant genetic 
variability was present. The authors speculated there was a confounding 
effect from genotype x environment interaction, because selection was at 
one environment while evaluations were made in one to four Iowa 
environments. Excluding high-yielding stalk-lodged plants, and a high 
plant population, also may have contributed to the poor selection 
response. 
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Because genotype x environment interaction may make mass selection 
at one central location of little value for improving performance over a 
wide area, convergent-divergent selection has been proposed. Lonnquist 
et al. (1979) reported on the use of convergent-divergent selection for 
the improvement of maize over a wide area. The program was designed to 
develop a population of maize adapted to the northern cornbelt. 
Germplasm fran breeders in six states was contributed (converged) and 
intercrossed. Samples of the resulting population were sent to each 
collaborator (divergence) who practiced mass selection for healthy, 
productive plants. After four cycles of selection, average relative 
changes in population performance were 2.19% for grain yield and -2.81% 
for grain moisture at harvest. They also noted evidence of increased 
stability over the four cycles of selection. 
Mass selection has been used successfully to increase grain yield 
in sorghum randan-mating populations. Doggett (1972) used gridded mass 
selection for grain yield on eight random-mating sorghum populations. 
After three cycles of selection, in which an average of 40% of the male-
sterile plants were selected for recombination, the average gain per 
cycle was 1.4 q/ha (2.5%). There was an associated increase in plant 
height (6%) but maturity was unchanged. 
Obilana and El-Rouby (1980) used mass selection to improve grain 
yield in two random-mating sorghum populations, B and Y composite. 
After three cycles of selection for individual-plant yield, increases of 
38 and 40% for grain yield were observed for the two composites. 
Significant changes in maturity were not observed in either population. 
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The authors concluded that selection was eCCective because of high 
variability in the populations. 
Maves (A. J. Maves, Iowa State University, Ames, Iowa, personal 
communication, 1989) used mass selection for individual-panicle weight 
in the grain sorghum population IAP2B(M). After four cycles of 
selection, grain yield of the population was increased 4.6%. There was 
an associated increase in seeds/panicle, 100-seed weight and plant 
height, but panicles/plant decreased. Estimates of genetic variance 
from C0 to C4 did not change significantly for grain yield and most 
other characters. 
Alternating mass selection between male-sterile and fertile plants 
in succeeding cycles has been used by some sorghum breeders. Gains from 
the alternate mass selection scheme could be greater than those for 
continued mass selection of male-sterile plants because of better 
parental control. Doggett (1972) reported that yield gains from 
alternating mass selection in eight sorghum populations were 1.5 times 
greater than gains with straight mass selection of male-stariles. Ross 
et al. (1981) used four cycles of alternating mass selection to select 
for both high and low grain protein percentage in NP7BR. Although the 
gains were small, selection was partially effective considering the 
phenotypic correlation between grain yield and protein percentage was 
—0.86.  
Secrist (R. E. Secrist, Iowa State University, Ames, Iowa, personal 
communication, 1989) compared the performance of random S^-lines 
developed from IAP1R(M)C3 and IAP4R(S1)C3. IAP1R(M)C3 was improved by 
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three cycles of mass selection for individual-panicle weight, while 
IAP4R(S1)C3, starting from the same base population, was improved by 
three cycles of replicated yield trials of families. (IAP1R(M)C3 is 
the same population evaluated in my dissertation.) While no differences 
between the two populations were noted for grain yield, the S^-tested 
families were later and had more seeds/panicle. Ess (1988), compared 
the hybrid performance of random Si-families developed from IAP1R(M)C3 
and IAP4R(S1)C3. Hybrids with male parents developed by yield 
testing had a higher mean yield than those with parental lines developed 
by mass selection, but the difference did not exceed p <_ 0.05. Seven of 
the top-ten-yielding hybrids were crosses with male-parents from 
IAP4R(S1)C3. Hybrids formed from crosses of lines from the S^-selectad 
population were significantly shorter and later to bloom, had smaller 
seed, and more seeds/panicles, compared to the hybrids involving lines 
from the mass selected population. 
Mass selection in sorghum for quantitative traits such as yield, 
generally has not been as effective as other recurrent selection methods 
(Eberhart, 1972; Jan-orn et al., 1976). S]_ family selection is one of 
the most effective selection schemes for improving sorghum populations 
(Gardner, 1972). But the greater gains through S]^ selection must be 
balanced against increased demands for land, labor, resources, and time. 
To make a fair comparison of different methods of selection, expected 
gains should ba expressed as gain per year. Singh (1977) enumerated 
several factors that should be considered when evaluating methods of 
selection; (i) is the objective to develop cultivars, parents for 
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hybrids, or both; (ii) the nature of gene action for the character(s) of 
interest; (iii) the number of growing seasons per year and generations 
required per cycle; (iv) the target environment; and (v) the relative 
operational cost. 
Utilization of Superior Lines 
Developed Through Population Improvement 
Any improvement realized in the base population is also expected to 
be reflected in improved lines and hybrids extracted from the population 
(Eberhart 1972; Jan-orn et al., 1976). Recurrent selection of superior 
individuals or families and their recombination to form an improved 
population should increase the frequency of favorable genes. Because 
additive genetic variance is the major genetic component in the 
expression of most sorghum traits, including yield, and all recurrent 
selection methods should be equally effective in exploiting these 
additive effects (Doggett, 1988), each increment of improvement at the 
population level also should increase the chances of extracting superior 
genetic combinations for use as cultivars or in hybrids. 
Jenkins's (1935) research, which compared testcrosses of 28 corn 
lines in different generations of inbreeding, lead to the concept of 
early generation testing for general combining ability. He concluded 
that "the inbred lines acquired their individuality as parents of 
topcrosses very early in the inbreeding process and ratiainad relatively 
stable thereafter." Therefore, inbreds with poor combining ability 
could be discarded in early generations. It is now generally accepted 
that top crosses are a satisfactory way of evaluating inbred lines for 
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general combining ability, especially when the evaluation trials are 
conducted in several seasons and at several locations. 
Russell (1985) compared the hybrid performance of four corn inbred 
lines developed from the original and improved cycles of BSSS. B14A and 
B37 were from C0, while B73 and B84 were from C5 and CI, respectively. 
The four inbreds were crossed to Mol7 and grain yield and other traits 
were evaluated over 33 environments. Yield of the hybrids increased 
frctn 70.8 q/ha for B14A x Mol7 to 93.6 q/ha for B84 x Mol7. Improvement 
in traits associated with the yield increase were noted for days to 
black layer formation, plant weight, rate of grain fill, ear diameter, 
and harvest index. The hybrid performances provide testimony to the 
effectiveness of the recurrent selection program in BSSS (Russell, 
1985). 
At ICRISAT, the identification of superior lines from sorghum 
populations is in the early stages (Nath, 1982) . One line from a 
diallel population has been released as 'Melkamash', in Ethiopia. 
Additional lines derived from improved cycles are in various stages of 
testing and are expected to be superior to lines selected from the 
initial cycles. Doggett (1988) developed and released the sorghum 
inbred GG 370 by using recurrent selection procedures, as well as other 
inbreds that show promise for use as parents in hybrid production in 
India. 
Otte and Ross (1981) compared the hybrid performance of 20 selected 
Sy sorghum inbreds developed from the base population of NP3R, with 
hybrid performance of the best-ten component lines used in constituting 
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NP3R. Each of the 30 parental lines was crossed to the A lines, KS56 
and KS65, producing 60 hybrids. Hybrids of the selected Sy lines 
averaged significantly higher in yield, 0.22 Mg/ha, than hybrids of the 
component lines in two environments. The experiment demonstrated that 
from genetic recombinations arising from sorghum random-mating 
populations, parental lines can be selected that will produce 
agronomically suitable hybrids with improved yield potential. 
Lothrop (1983) noted there were 28 random-mating populations of 
sorghum in various stages of development at the Texas Agricultural 
Experiment Station, and that sorghum breeders at experiment stations in 
Nebraska, Oklahoma, Iowa, Georgia, Kansas, Arizona, Nigeria, India and 
Puerto Rico, likewise, were devoting a considerable portion of their 
resources to the development of an array of different types of breeding 
populations. Population improvement should play an increasingly 
prominent role in sorghum breeding in the future. 
Gene Action and Combining Ability 
Hybrid vigor and inbreeding depression are manifestations of 
nonadditive gene action. Hallauer and Miranda (1988) reported that the 
average decrease in yield of corn was 0.051 Mg/ha for each 1% increase 
in homozygosity. Therefore, at 100% homozygosity, grain yield on the 
average, should decrease 5.1 Mg/ha. Estimates of inbreeding were 
similar for all populations evaluated, ranging from 3.4 to 6.0 Mg/lia 
decrease for 100% homozygosity. 
Unlike corn, inbreeding to develop pure lines in sorghum is not 
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accompanied by such a marked loss in yield, size and vigor (Poehlraan, 
1979). Lothrop et al. (1985a) evaluated and half-sib families from 
IAPlR(M)C3 (i.e. the same population used for the research presented in 
this dissertation), and found the greatest inbreeding depression was for 
grain yield (-13.6%), followed by seeds/panicle (-6.3%), and 100-seed 
weight (-4.9%). Niehaus and Pickett (1966) and Liang et al. (1972) 
reported inbreeding-depression values for grain yield in sorghum of 
-37.4% and -14.1%, respectively. 
Complementary to the phenomenon of inbreeding depression is hybrid 
vigour or heterosis (Falconer, 1981). The amount of heterosis in a 
cross at one locus, depends on the square of the difference in gene 
frequency (y) between the cross and dominance (d) or dy^ (Falconer, 
1981). With multiple loci, epistatic effects may be present. 
The modern concept of heterosis has been accredited to Shull 
(1908). He demonstrated when certain corn lines were crossed they 
produced F]_-hybrid yields that exceeded those of the parental varieties. 
Corn could then be improved by isolating inbred lines to be used in the 
production of F]^ hybrids. Successful development of hybrid varieties, 
according to Grant and Beversdorf (1985), requires the following 
components; sufficient level of heterosis, an efficient mechanism of 
pollination control, and sufficient transfer from pollen to seed 
parents. 
Hallauer and Miranda (1988) presented a summary of the 
manifestations of heterosis in crosses of corn varieties. Average mid-
parent heterosis for 1394 variety crosses, weighted for the numlDer of 
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crosses in each study, was 19.5%, while average high-parent heterosis 
was 8.2%. The frequency of variety crosses that exceeded the high-
parent heterosis varied considerably among the experiments reported. 
Establishment of heterotic patterns among varieties of maize has had 
important implications for selecting inbred lines as potential seed 
stocks in hybrids (Hallauer and Miranda, 1988). 
In sorghum, Conner and Karper (1927) were among the first to 
observe that certain sorghum hybrids produced greater grain yields than 
their parents. Since that study, other studies with sorghum have shown 
that certain hybrids surpass their parents for grain yield (Karper and 
Quinby, 1937; Bartel, 1949; Stephens and Quinby, 1952; Quinby et al., 
1958; Kambal and Webster, 1966; Niehaus and Pickett, 1966; Kirby and 
Atkins, 1968; Malm, 1968; Collins and Pickett, 1972; Laosuwan and 
Atkins, 1977; Wilson et al., 1978; Monyo et al., 1988). Heterotic 
manifestation also have been observed for increased plant height (Conner 
and Karper, 1927; Karper and Quinby, 1937; Bartel, 1949; Quinby et al., 
1958; Kambal and Webster, 1966; Niehaus and Pickett, 1966; Kirby and 
Atkins, 1968; Laosuwan and Atkins, 1977) and earliness (Quinby et al, 
1958; Kambal and Webster, 1966; Niehaus and Pickett, 1966; Kirby and 
Atkins, 1968; Laosuwan and Atkins, 1977). The yield advantage of 
hybrids over the parents also results from increased number of 
seeds/panicle (Bartel, 1949; Kambal and Webster, 1966; Niehaus and 
Pickett, 1966; Kirby and Atkins, 1963; Laosuwan and Atkins, 1977;) and 
to a lesser extent, increases in 100-seed weight (Quinby et al., 1958; 
Kambal and Webster, 1966; Niehaus and Pickett, 1966; Kirby and Atkins, 
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1968; Laosuwan and Atkins, 1977). 
Sprague and Tatum (1942) originated the concept of general and 
specific combining ability. They used the diallel cross method to 
obtain estimates of general and specific combining ability variances in 
maize, which they related to types of gene action. They defined general 
combining ability as the average performance of lines in hybrid 
combinations and specific combining ability as the deviation of certain 
crosses from the average performance of the parental lines. 
Genetically, general combining ability is associated with genes that are 
additive in their effects, and specific combining ability is attributed 
primarily to deviations from additivity caused by dominance and 
epistasis. Estimates of general and specific combining ability are 
relative to and dependent on the particular set of inbred lines included 
in the hybrid test (Hallauer and Miranda, 1988). 
Mating designs I, II, and III, proposed by Comstock and Robinson 
(1948, 1952), have been used extensively in estimating the kinds and 
relative importance of genetic variation in specified populations. The 
use of these designs involves the mating of plants to form groups of 
relatives and equating the mean squares obtained in the analysis of 
variance to the appropriate functions of covariances among relatives. 
Covariances among relatives have mean square expectations in terms of 
additive, dominance, and epistatic genetic variances (Laosuwan, 1975). 
Matzinger (1963) stated that with the diallel analysis, no genetic 
assumptions are necessary, because subdivision of the analysis into 
general and specific combining ability effects is purely statistical. 
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Hallauer and Miranda (1988) showed that the Model II analysis 
provides estimates of components of genetic variance that are estimable 
from covariances of relatives. If F-0, as for Sg or F2 plants, then 
cT^fvj = CovHS = l/4cf^A and o'^p = CovHS = l/4d2& 
and = [CovFS-CovHSM-CovHSp] 
= [l/2dVV4cf2D]-l/4crVV4o'2A = 1/4^2^ 
And if F=l, as for inbred plants, then 
= CovHS = l/2cr2^ and cf2p = CovHS = l/2cf2^ 
and = [CovFS—CovHSji^-CovHSp] = —l/2tf2^_]_y'2(j2^ = 
where cj2[vj = variation among half-sib families of male parents 
d2p = variation among half-sib families of female parents 
(J^mf = the interaction between male and female parents 
CovHS = the covariance among half-sib families 
CovHSw = the covariance among half-sib families of the male 
parents 
CovHSp = the covariance among half-sib families of the female 
parents 
CovFS = covariance among full-sib families 
= additive genetic variance 
~ additive genetic variance among male parents 
d^^f = additive genetic variance among female parents 
= dominance variance 
The assumptions necessary to refer the estimates calculated to a 
reference population are: (1) diploid inheritance, (2) the population is 
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at linkage equilibrium, (3) random unselected lines are tested, (4) no 
epistasis is present. 
The general formula for estimating genetic variances among families 
with different levels of inbreeding, when epistasis is negligible, is 
presented by Fehr (1987). 
2 
CovHS=(lill)cJ^A CovFS=(ij£)d^A + 
4 2 
1+F 
where CovHS = the covariance among half-sib families 
CovFS = covariance among full-sib families 
F = inbreeding coefficient of the parents 
= additive genetic variance 
(J2q = dominance variance 
Cockerham (1963) has shown that with no epistasis the covariances 
among full-sib relatives, when the parents have different levels of 
inbreeding, are equal to the following in terms of genetic variances: 
CovFS = (2 + Fa + Fb)cf2& + (1 + Fa) (1+ Fbid^n 
4 4 
where CovFS = covariance among full-sib families 
Fa = inbreeding coefficient of the male parent 
Fb = inbreeding coefficient of the female parent 
^2^ = additive genetic variance 
= dominance variance 
Results on the importance of epistasis in the expression of 
24 
quantitative characters in sorghum have been mixed. Liang and Walter 
(1968) concluded that epistasis should not be disregarded, but Ross 
(1969) and Liang (1971), both concluded that epistasis was of little or 
no consequence for grain yield in sorghum. 
Whitehead (1962, cited by Kambal and Webster, 1965) conducted a 
study that involved 58 varieties of sorghum crossed with male-sterile 
Martin and Combine Kafir 60. He reported that additive gene action 
predominated for plant height, flowering date and head length in dwarf 
varieties. For grain yield, both additive and nonadditive gene action 
were important. 
Kambal and Webster (1965) produced 190 sorghum hybrids by crossing 
ten male-sterile lines with 19 fertility-restorer lines. Both general 
and specific combining ability effects were important in determining 
grain yield, seed weight, plant height, days to first bloom and 
weight/bushel. They also observed that the general effects were 
considerably more important and stable over years than specific effects. 
Niehaus and Pickett (1966) computed combining ability effects by 
using data obtained from a diallel cross of eight inbred lines of 
sorghum. Three parents were recent introductions and five were variety 
crosses or variety selections. Both general and specific combining 
ability effects were significant for all traits evaluated in the F-^ 
hybrids. Except for 100-seed weight, general combining ability effects 
were larger than the specific effects for all traits. Although the 
three introductions exhibited the greatest general combining ability, 
the authors could not ascertain whether their outstanding performance 
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was due to genetic diversity of many genes, or to hybrid vigor 
associated with a relatively few height and maturity genes. 
Beil and Atkins (1967) studied the performance of 40 sorghum 
hybrids formed by crossing eight R lines with five A lines. Significant 
differences in general combining ability effects were obtained for grain 
yield, seeds/head, 100-seed weight, and heads/plant. Significant 
differences for specific combining ability were expressed only for 100-
seed weight. 
Malm (1968) crossed eight fertility-restorer lines developed from 
African sorghum introductions with four male-sterile lines to produce 32 
hybrids. Both general and specific combining ability effects were of 
importance in the expression of grain yield and 1000-seed weight in the 
hybrids. 
Collins and Picket (1972) evaluated the performance oE 48 
hybrids derived from crossing 12 fertility-restorer lines onto four 
male-sterile testers. The 12 restorer lines were selected to represent 
the diverse types found in the world collection of sorghum. Significant 
differences in general combining ability were found among the lines for 
grain yield and protein percentage. Specific combining ability effects 
were not expressed for any of the characters measured. 
Wilson et al. (1978), using a six-parent diallel cross, observed 
highly significant general and specific combining ability effects for 
grain yield, protein yield and protein percentage. A comparison of 
relative magnitudes indicated that specific combining ability effects 
were more important than general combining effects. The parents were 
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chosen to represent the range in protein content normally found in grain 
sorghum produced in the United States, and they were not intended to be 
a random sample of a specific sorghum population. 
Monyo et al. (1988) crossed ten high-lysine sorghum lines with 
three male-sterile inbreds. Significant differences among general 
combining ability effects were observed for all characters except grain 
yield, but significant specific effects were observed only for grain 
yield. All lines evaluated in the experiment were derived from breeding 
material that possessed the opaque endosperm characteristic from the 
inbred P-721. 
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MATERIAL AND METHODS 
Genetic Materials 
The 40 S2 families evaluated in my experiments were derived from 
the third cycle of mass selection for individual-panicle grain weight in 
lAPlR sorghum population. Development of the population was initiated 
in 1973 at Ames, Iowa (Atkins, 1980). Ten inbred lines that restore 
pollen fertility in the A]^ milo-kafir cytoplasraic-genetic male-sterility 
system were crossed to male-sterile segregates from NP3R random-mating 
population (Nordquist et al., 1973). Table 1 lists designations and 
pedigrees of the ten lines, four of which were converted exotic 
sorghums. lAPlR possesses the msi gene for genetic male sterility, 
derived from the Goes variety via NP3R. 
The population was advanced each cycle by using gridded mass 
selection for individual-panicle grain weight. Equal amounts of seed by 
weight were composited from the ten crosses and a sample of that seed 
was planted in 1974 in an isolation plot of 0.09 ha (0.23 A) at the Iowa 
State University Agronomy and Agricultural Engineering Research Center 
near Ames, Iowa. The plot contained approximately 6000 plants in 30 
rows, 30.4 m (100 ft) long, spaced 102 cm (40 in.) apart, and it was 
located more than 304 m (1000 ft) from other fields of sorghum. Plants 
were spaced about 15 cm (6 in.) within the row to allow each plant to 
express its full genetic potential. Tliirty equal-size rectangular grids 
(5 rows, 6.08 m long) were superimposed on the planting. 
In the first cycle (C0), all plants were male fertile (Ms^msi). 
Table 1. Fertility-restorer inbreds that were crossed onto bagged genetic male-sterile segregates 








Redbine 58 x AK9-2 sel, 





S2 of BC4 converted line from South 
Africa 
S2 of temperate-zone bulk of converted 
line from Ethiopia 
S2 of BC4 converted line from Sudan 
S2 of temperate-zone bulk of converted 
line from Ethiopia 
Redbine 58 = Martin x Combine 7008X-10 
AK9-2 = (Extra Early Pink x Early Kalo) x 
(Midland x Common Sudangrass) 
Redlan = CI1090 x CI71 
0KY7 = Redlan x Short Kaura-1-10-1-1 
Kafir X Milo 
Kafir X Milo 
Caudatum/Kaura derivative 












Panicles borne on the main culm of male-fertile plants were tagged at 
anthesis and 15 to 25 tagged plants per grid were harvested. Selection 
was for combine height plants (100-150 cm [40-60 in.]) and medium to 
large panicles, and against extremely late maturity. No conscious 
selection was applied for seed color or size, or for open or closed 
panicles. Selected panicles were threshed individually and threshed 
grain weight and seed size (100-seed weight) were determined in the 
laboratory. The ten panicles that had the highest threshed-grain weight 
were selected from each grid (300 panicles total) to provide seed for 
the next cycle of lAPlR(M). 
Equal amounts of seed by weight were composited from the 300 
selected panicles and a 600 gram sample was used to plant the second 
isolation block (CI) at Ames, Iowa in 1975. Male-sterile segregates 
(msimsi) occurred and were tagged at anthesis in CI and all following 
cycles. Again, 15 to 25 panicles per grid were harvested, with criteria 
for selection and procedures for advancement as described previously. 
After three cycles of mass selection for panicle weight the seed 
produced in 1977 was designated lAPlR(M)C3. 
Experimental Procedure 
From the C3 isolation planting, 120 fertile panicles (plants) were 
chosen randomly. The 120 S^ families were yield tested at Ames and 
Castana, Iowa in 1981 in two-replicates of single-row plots, 4.27 m long 
with 1.02 m between rows. In border sections at ends of the yield plots 
in the Ames test, pollination bags were secured over some panicles 
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before anthesis. Entries (rows, plants) chosen displayed good agronomic 
characteristics; very tall and late plants were excluded. Seed from 
seventeen entries was planted in breeding-nursery rows at Ames in 1982 
as S2 families. Ten to twenty panicles were bagged prior to anthesis in 
each row. Forty of the most agronomically desirable plants among that 
group were chosen as male parents to produce the hybrids evaluated in ray 
experiment. 
Remnant seed was used to plant the forty S2 families in the 
breeding nursery at Ames in 1986. The number of S2 families staning 
from each 1982 row is shown in Table 2. Each S2 family was crossed to 
the male-sterile (A-line) inbreds A^ Combine Kafir 60, A^ Redbine 53, 
and A]_ Martin to produce seed of the hybrids. 
The 120 experimental hybrids, along with three commercial hybrids 
(RS 608, RS 610, RS 671), were grown at two locations during 1987 and 
1988 (i.e., four environments). In both years, plantings were made at 
the Iowa State University Agronomy and Agricultural Engineering Research 
Center near Ames, Iowa, and at the Burkey Research Farm, located 
approximately one mile from the Agronomy Research Center. The 
experiment was planted at the Agronomy Research Center on May 22, 1987 
in Clarion-Webster soil after the site was fertilized with 134 kg/ha 
(120 lbs/A) of N. Applications of 56 kg/ha (50 lbs/A) of P2O5 and 101 
kg/ha (90 lbs/A) of K2O were made the preceding autumn. Weeds were 
controlled with Ramrod (Propachlor) applied at 11.69 liters/ha (5 
quarts/A), and by supplemental mechanical cultivation and hand weeding. 
The insecticide Defend (Cygon 400) was applied at 1.17 liters/ha (1.00 
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pint/A) for control of the greenbug [Schizaphis graminum (Rondani)]. 
The second planting was made at the Burkey Farm, on June 9, 1987 in 
Clarion-Webster soil. Applications of P2O5 and K20 were the same as 
those at the Agronomy Research Center, but nitrogen fertilizer was not 
applied at this site. Weeds were controlled with Bexton applied at 
11.69 liters/ha (5 quarts/A), and by supplemental mechanical cultivation 
and hand weeding. Insects were controlled in the manner described 
previously. 
The third planting was May 25, 1988 at the Agronomy Research 
Center. Fertilizer applications, and weed and insect control were the 
same as in 1987 at this sits. The fourth experiment was planted June 7, 
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1988 at the Burkey Research Farm. Fertilizer applications and weed and 
insect control were like those at the Burkey Farm in 1987, except that 
Ramrod (Propachlor) was the herbicide. 
The experimental unit in all tests was a 3.04 m (10 ft) section of 
a single-row plot 4.26 m (14 ft) long. Rows were spaced 102 cm (40 in.) 
apart. Plots were planted with a funnel planter at a high seeding rate 
(6 grams/plot) to insure good stands. Plants were thinned to 
approximately 10 cm (4 in.) apart when they reached the three or four 
leaf stage. The plant population established was about 96,800 plants/ha 
(39,204 plants/A). 
After thinning, a 3.04 m (10 ft) section of uniformly spaced plants 
was marked in each plot by using colored garden stakes. Shorter 
sections were marked in some plots when there were less than 3.04 m of 
conpetitive plants. Tlie minimum plot length was 1.52 m (5 ft). For 
each staked section, the number of plants/plot was recorded. Data from 
short plots were adjusted arithmetically to the standard 3.04 m length 
for grain yield, plants/plot, and panicles/plot. 
The number of days from planting to midbloom was taken as an 
estimate of relative maturity of the entries. Midbloom date was 
recorded when anthesis was completed halfway down the panicle of the 
main culm. 
Plant height was measured in centimeters during the grain-filling 
period. A random sample of five plants per plot was measured from the 
soil surface to the tip of the panicle of the main culm and the average 
was recorded. 
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In 1987, the plots were harvested October 2 and 19, at the Agronomy 
Research Center and the Burkey Farm, respectively. The 1988 harvest 
dates were Sept 23 and October 7, respectively. Grain moisture at 
harvest was between 20 and 30%. Panicles from the staked section in 
each plot were counted as they were severed by cutting the peduncle just 
below the lowest panicle branch. Harvested panicles were placed in an 
Osnaburg (AM size) cloth bag and dried artificially for three days at 
60.00c (140°F). Grain moisture content then was about 5 to 7%. Weight 
of the dry panicles from each plot was recorded to the nearest hundredth 
of a pound. 
After the panicles were dried and plot weights were determined, 
three average-size panicles per plot were saved, threshed in a Vogel 
thresher, and the seed was bulked. From this sample, 100 seed were 
obtained by using an electronic counter and their weight determined to 
the nearest hundredth of a gram. 
To convert dry weight of panicles per plot to grain yield in Mg/ha, 
a regression equation was used as described by Robinson and Bernat 
(1963). Six plots above and six plots below the experimental mean in 
dry panicle weight, were chosen randomly. Grain weights were determined 
by threshing panicles from these plots in an Almaco LPT All-Purpose Plot 
Thresher. A regression equation was then fitted by using the threshed 
grain weights (Y) and dry-panicle weights (X) in pounds. 
Let Xg = mean of six plots with dry panicle weights above the mean 
of all plots. 
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% = mean of six plots with dry panicle weights below the mean 
of all plots. 
Yg = mean threshed grain weight of the six plots above the mean 
of all plots for dry panicle weight x 1.465 (a factor to 
express grain yield on a Mg/ha basis). 
% = mean threshed grain weight of the six plots below the mean 
of all plots for dry panicle weight x 1.465. 
X = mean dry panicle weight for the twelve selected plots. 
Y = mean threshed grain weight (Mg/ha) for the twelve selected 
plots. 
b = CXa - %)/% - Xb) 
a = Y - bX 
Y = a + bX is the Eorra of the completed regression equation. 
The equations developed to convert lbs/plot of dry panicles to 
Mg/ha oE threshed grain were: 
1987 Agronomy Research Center Y = -0.754 + 1.331X 
1987 Barkey Farm Y = 0.752 + 1.091X 
1988 Agronomy Research Center Y = 0.313 + 1.082X 
1988 Burkey Farm Y = -0.074 + 1.208X 
Data for panicles/plant and seeds/panicle were calculated by using 
the values for the directly-observed variables; 
Panicles/plant = panicles/plot f plants/plot, 
Seeds/panicle = plot grain yield (g) x 100, 
panicles/plot x 100 seed weight (g) 
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Statistical Procedure 
Each planting of the experiment was arranged in a randomized 
complete-block field design with two replicates, and each replicate 
contained 120 experimental hybrids. Replicates were considered random 
variables. The 8% families and A-lines used as parents were considered 
a fixed sample among parents that might be used in the development of 
sorghum hybrids in Iowa. The commercial hybrids were planted randomly 
alongside each replicate of the experimental hybrids. 
The linear model for each environments' analysis was: 
Yijk = u + Rk + Mi + Fj + (MF)ij + eijk 
where i =1 ... m male parents or R-lines, i = 1 to 40 
j =1 ... f female parents or A-lines, j = 1 to 3 
k = 1 ... r replicates, r = 1 to 2 
Yijiç = the value of the ijkth observation 
u = the grand mean 
R]ç = effect of the kth replicate 
Mi = an effect common to all progeny of the ith male 
Fj = an effect common to all progeny of the jth female 
(MF)ij = an effect common to the progeny of mating of the ith male 
and the jth female 
The form of the analysis, the expected mean squares (E.M.S.) and F 
ratios used to test the significance of diffacences among sources of 
variation are presented in Table 3. The lines used as male and female 
parents were crossed in accordance with the pattern described for Design 
II by Constock and Robinson (1952). Mean squares for male parents and 
Table 3. Form of the ANOVA for each environment 
Source of Mean Expected mean 
variation df squares squares F test 
Replications r-1 Ml a2 + hcr2 
R 
M1/M6 
Hybrids h-1 M2 (p- + rK2 
H 
M2/M6 



















Error (Hybrids*reps) (h-1) (r-1) M6 cy2 
Males/reps (m-1) (r-1) M7 <j2 
1 
Females/reps (f-1)(r-1) M8 cr2 
2 




female parents provide independent estimates of general combining 
ability (GCA) effects. The males x females interaction mean square 
provides an estimate of specific combining ability (SCA) effects. 
The locations and years in which this experiment was conducted were 
assumed random and considered a representative sample of locations and 
years in which grain sorghum is grown in Iowa. Instead of partitioning 
year and location effects separately, they were combined together under 
the term environments. 
The linear model for the combined analysis was: 
Yijkn = u + En + R(E)kn + Mi + Fj + (f/IF)ij + (ME) in + (FE)jn + (r/IFE)ijn 
®ijkn 
where i = 1 ... m male parents or R-lines, i = 1 to 40 
j = 1 ... f female parents or A-lines, j = 1 to 3 
k = 1 ... r replicates, r = 1 to 2 
n = 1 ... e environments, e = 1 to 4 
^ijkn ~ the value of the ijknth observation 
u = the grand mean 
Ef, = the effect of the nth environment 
R(E)kn = the effect of the kth replicate within the nth environment 
Mi = the effect common to all progeny of the ith male 
Fj = the effect ccxtmon to all progeny of the jth female 
(MF)ij = the effect of the interaction of the ith male with the jth 
female 
(ME)in = the effect of the interaction of the ith male with the nth 
environment 
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(FE)jjj = the effect of the interaction of the jth female with the 
nth environment 
(MFE)ijn = the effect of the interaction of the ith male with the 
jth female in the nth environment 
®ijkn ~ experimental error 
The form of the analysis, the expected mean squares (E.M.S.) and F 
ratios used to test for significance of differences among the sources of 
variation are presented in Table 4. 
Data Analysis 
Field and laboratory data obtained during 1987 and 1988 were 
entered on a Zenith 158 personal computer and uploaded to the Wylbur 
system of the Iowa State University Computation Center, Ames, Iowa. Tlie 
data were analyzed by using SAS (Statistical Analysis System, the SAS 
Institute Inc., Cary, North Carolina) procedures and cross checked using 
Lotus 123. 
Analysis of Entry Means for Combining Ability Effects 
Estimates of general and specific combining effects were calculated 
in accordance with the procedure outlined by Beil and Atkins (1967), 
using the following formulae: 
Table 4. Form of the ANOVA for the combined analysis of data from the Ames and Burkey Farms, 1987 
and 1988 
Source of fkan Expected mean 
variation df squares squares F test 
Environments e-1 Ml cf2 + hcr2 + rhcf2 
R R 
M1/M2 
Reps/Environment e(r-1) M2 cy2 + htf2 
R 
M2/M11 
Hybrids h-1 M3 (j2 + r(j2 + reK2 
HE H 
M3/M7 





























Hybrids*Env (h-1) (e-1) M7 (j2 + rcr2 
HE 
M7/M11 



















Pooled Error e(h-l) (r-1) Mil o2 
Male*Env/Reps e (m-1) (r-1) M12 (3-2 
1 
Female*Env/Reps e (f-1) (r-1) M13 (52 
2 
Males*Females/Reps e(m-l) (f-1) (r-1] 1 M14 0-2 
TOTAL erh-1 
40 
Sij = (Yij - Y..) - Gi - Gj 
= (Yij - Y..) - (Yi. - Y..) - (Y.j - Y.J 
= (ïij - Yi. -Y.j + Y..) 
where = GCA effect of the ith male 
Gj = GCA effect of the jth female 
Sjj = is the interaction between the ith male and the jth female 
and is used as a measure of the SCA effects 
Yi^ = the mean of all hybrids having the ith male as one of the 
parents 
Y,j = the mean of all hybrids having the jth female as one of the 
parents 
Yjj = the mean of the hybrid having the ith male and the jth 
female as its parents 
Y^ ^ = the grand mean 
GCA and SCA effects were tested for significance by use of the 
equations presented below (T. B. Bailey, Iowa State University, Ames, 
Iowa, personal communication, 1989). The estimates of GCA and SCA 
effects were considered significant if they were greater than two times 
their standard error. 
Standard Error of the Male GCA Effect = [s^(l-l/m)/rfe] 
Standard Error of the Fanale GCA Effect = [s^(1-1/f)/rme] 
Standard Error of the SCA Effect = {s2[l-(l/m)-(l/f)+(l/mf)]/re} 
where s2 = interaction mean square of the appropriate subdivision 
components x environments 
m - the number of males = 40 
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f = the number of fettiales = 3 
r = the number of replicates = 2 
e = the number of environments = 4 
Correlations Among Characters 
Phenotypic and genotypic correlations among traits were calculated 
by using sums of squares and mean products obtained from PROC MANOVA. 




y MSx . MSy 
where MCPxy ~ Mean cross products between trait x and y, 
MSjj = Mean squares for trait x, 





(^2 . (fi 
g(x) g(y) 
where = the genetic covariance between traits x and y, 
9(xy) 
= estimate of genetic variance for trait x, 
g(x) 




Grain yields in 1987 were good, due to favorable weather conditions 
throughout the growing season. Plants matured quickly and were 
harvested relatively early in response to high June and July 
temperatures. Grain yields averaged 6.47 Mg/ha (103.1 bu/a) at the 
Agronomy Research Center, and 6.50 Mg/ha (103.6 bu/a) at the Burkey 
Research Farm (Table 5). In 1983, light rainfall and unusually high 
temperatures throughout the season, hasten plant growth and maturity. 
The combination of summer drought with a late season wind storm caused 
appreciable stalk lodging and reduced yields at the Agronomy Research 
Center. Grain yields averaged 5.64 Mg/ha (89.9 bu/a) in that test. 
Yields at the Burkey Research Farm in 1988 averaged 6.22 Mg/ha (99.1 
bu/a), despite planting the experiment two weeks later than the test at 
the Agronomy Research Center and not applying nitrogen fertilizer. 
Analyses of Variance and Means 
The combined analyses of variance (Table 6) indicated there were 
highly significant (p <_0.01) environment to environment differences for 
all traits except grain yield. Differences among replicates/environ­
ments were highly significant for all traits except 100-seed weight. 
Among the experimental hybrids, there were highly significant 
différences for all traits. The hybrids x environments interaction was 
highly significant for all traits except panicles/plant. Partitioning 
of the hybrids suras of squares into variation attributable to male and 
female parents also revealed significant effects in most instances. 
Table 5. Means and standard errors for grain yield and other characters for individual environments 
























6.21 + 0.02 1744 + 7 2.60 + 0.01 1.61 + 0.01 140.3 + 0.23 61.4 + 0.04 
6.47 + 0.04 1617 + 14 2.49 + 0.02 1.87 + 0.01 142.3 + 0.45 65.7 + 0.05 
6.50 + 0,03 1491 + 13 2.89 + 0.02 1.76 + 0.01 149.6 + 0.50 60.1 + 0.07 
5.64 + 0.03 1737 + 15 2.41 + 0.02 1.56 + 0.01 136.6 + 0.52 62.3 + 0.11 
6.22 + 0.02 2130 + 15 2.59 + 0.01 1.23 + 0.01 132.5 + 0.33 57.6 + 0.05 
Table 6. Mean squares from the combined ANOVA for agronomic traits measured at the Agronomy 
Research Center and Burkey Research Farm, 1987 and 1988 
Mean squares 
100-
Source of Grain Seeds/ seed Panicles/ Plant Days to 
variation df yield panicle weight plant height midbloom 
(xl00) 
Environofânts (E) 3 37.68 183215** 10.55** 18.85** 13275** 2825.95** 
Replicates/E 4 8.13** 1995** 0.11 0.79** 219** 20.49** 
Hybrids (H) 119 2.21** 5972** 0.62** 0.15** 2217** 21.03** 
Males (M) 39 4.75** 14039** 1.27** 0.30** 4556** 36.27** 
Fatales (F) 2 9.99** 10703 1.11 1.08** 2683 303.95** 
M*F 78 0.73** 1816** 0.28** 0.05** 1035** 6.16** 
Hybrids*E 357 0.48** 737** 0.08** 0.04 106** 2.53** 
M*E 117 0.71** 973** 0.09 0.05* 139** 3.87** 
F*E 6 0.89** 2849* 0.15 0.06 351* 13.40** 
M*F*E 234 0.35** 564 0.07* 0.03 84** 1.58 
Error (H*E/reps) 476 0.24 495 0.06 0.03 50 1.26 
M*E/reps 156 0.22 555 0.06 0.04 51 1.19 
F*E/reps 8 0.10 823 0.06 0.04 93 0.72 
M*F*E/reps 312 0.25 457 0.06 0.03 48 1.31 
TOTAL 959 
*,**Indicate significance at the 5 and 1% levels of probability in this and all subsequent 
ANOVA tables. 
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Individual environment ANOVA's are presented for reference in Appendix 
Tables 20 through 23. 
Coefficients of variation (Table 7) ranged from 1.2% for days to 
midbloom (Ames 1987) to 14.0% for seeds/panicles (Burkey Farm 1987). 
The coefficients for grain yield in the individual and combined 
environments are quite low for experiments of this type. Yield CV's at 
the Agronomy Research Center were larger in both years than those at the 
Burkey Research Farm. 
Means for the 120 hybrids, averaged over all environments, for grain 
yield and other traits are listed in Table 8. Grain yields ranged from 
4.92 Mg/ha (78.4 bu/acre) for the Combine Kafir 60 x M14 hybrid, to 7.80 
Mg/ha (124.3 bu/a) for Redbine 58 x MB. Average yield of the commercial 
hybrids RS 608, RS 610 and RS 671, grown adjacent to the tests, was 6.01 
Mg/ha (95.8 bu/a) (Table 9). The mean for experimental hybrids was 103% 
of the commercial hybrids, with individual-hybrid yields ranging to 130% 
of the cotmiercial hybrids mean. The experimental hybrids that produced 
the highest grain yields, tended to have high numbers of seeds/panicle, 
and they were taller and later (days to midbloom) than other hybrids. 
Hybrid means for the individual environments are presented in Appendix 
Tables 24 through 27. 
Means for the hybrids grouped by male parents and averaged over 
three female parents and four environments are presented in Table 10. 
Grain yields ranged from 5.12 Mg/ha (81.6 bu/a) for M14 hybrids to 7.45 
Mg/ha (118.7 bu/a) for M8 hybrids. Hybrids with Ml, M6 and Ml6 male 
parents also had high grain yields, and they produced more seeds/panicle 
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Table 7. Coefficients of variation from the combined and individual 
environments analyses of variance for agronomic traits 
measured at the Agronomy Research Center and Burkey Farm, 1987 
and 1988 
100- Days 
Grain Seeds/ seed Panicles/ Plant to 
yield panicle weight plant height midbloom Environment 
Percentage 
Combined Envs. 7.8 12.8 9.4 11.3 5.0 1.8 
1987 Ames 8.7 
1987 Burkey 7.7 
1988 Ames 9.0 
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Table 8. Individual-hybrid means for grain yield and other traits 















K 60 X Ml 7 .06 2158 2 .66 1.37 135.7 61.9 
M2 6 .70 1938 2 .63 1.51 133.7 63.0 
M3 6 .65 1881 2 .75 1.44 129.1 62.0 
M4 5 .84 1511 3 .05 1.38 151.8 61.4 
M5 6 .24 1935 2 .23 1.69 116.1 58.1 
M6 7 .42 2198 2 .24 1.70 134.7 63.4 
M7 7 .04 1905 2 .55 1.71 146.7 61.1 
M8 7 .65 1917 3 .00 1.53 179.6 62.5 
M9 6 .41 1675 2 .56 1.73 136.5 60.5 
M10 6 .90 1565 2 .76 1.87 134.9 62.0 
Mil 6 .29 1550 2 .86 1.65 135.7 61.0 
M12 5, .46 1644 2 .64 1.46 119.8 60.8 
M13 6, .20 1684 2 .60 1.53 125.3 61.9 
M14 4, .92 1450 2, .65 1.52 131.6 60.4 
M15 5. 82 1481 3, .06 1.45 146.9 61.8 
M16 7, .23 1988 2, .61 1.56 159.2 61.6 
M17 6, .14 1316 3, .09 1.71 124.8 63.9 
M18 5, 79 1499 2, .76 1.67 135.5 61.9 
M19 6. 07 1879 2, .31 1.61 115.6 60.9 
M20 6. 40 1829 2. 59 1.50 148.9 63.3 
M21 5. 88 1441 2. 99 1.54 132.2 61.1 
M22 6. ,40 1571 3. ,18 1.43 140.3 59.5 
M23 6. ,53 2314 2. ,18 1.44 114.2 63.9 
M24 7. ,14 1839 2. ,73 1.56 140.3 63.8 
M25 6. ,37 2370 2. ,23 1.41 122.8 64.1 
M26 6. ,71 1872 2. ,58 1.60 123.6 63.1 
M27 7. ,08 2477 2. ,52 1.30 158.6 63.6 
M28 6. ,64 2237 2. ,31 1.53 132.1 62.0 
M29 6. ,10 1778 2. ,68 1.41 134.2 61.6 
M30 6. 24 1598 2. 79 1.61 169.8 61.0 
M31 5. 89 1856 2. 29 1.56 113.7 62.8 
M32 5. 88 1680 2. 79 1.45 142.9 59.8 
M33 6. 75 1520 3. 09 1.65 155.7 61.1 
M34 6. 19 1435 2. 94 1.64 150.3 61.1 
M35 6. 24 1987 2. 29 1.51 127.4 59.8 
M36 5. 99 1574 2. 81 1.53 142.4 60.3 
M37 6. 63 1874 2. 65 1.57 139.5 62.4 
M38 6. 80 1908 2. 65 1.47 150.2 60.9 
M39 6. 22 2100 2. 27 1.49 111.5 62.0 
M40 5. 40 1963 2. 54 1.41 135.7 63.3 
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R 58 X Ml 6 .70 2137 2.21 1.63 140.2 60.3 
M2 7 .16 2101 2.39 1.69 139.9 60.9 
M3 6 .49 1929 2.42 1.67 135.2 59.6 
M4 5 .50 1335 2.90 1.64 140.7 58.8 
MS 6 .23 1246 3.03 1.81 180.1 58.5 
M6 7 .14 1868 2.67 1.66 143.5 61.1 
M7 6 .71 1564 3.01 1.71 168.5 59.5 
M8 7 .80 1988 2.89 1.56 162.8 63.8 
M9 5 .96 1741 2.45 1.59 140.3 59.0 
M10 6 .42 1528 2.56 1.95 137.2 61.6 
Mil 6 .30 1493 2.63 1.80 140.0 60.3 
M12 5 .39 1952 2.30 1.34 149.4 58.0 
M13 5 .80 1643 2.52 1.68 136.0 60.5 
M14 5, .24 1356 2.99 1.50 142.7 58.3 
MIS 5, .41 1463 3.03 1.44 139.8 60.9 
M16 7, .24 2121 2.40 1.72 166.5 59.6 
M17 6, .51 1785 2.35 1.80 117.1 60.8 
M18 5, .57 1775 2.15 1.69 130.1 61.0 
M19 6. 15 1616 2.77 1.64 122.5 59.6 
M20 5. 84 1407 2.39 1.89 116.8 62.8 
M21 S. 94 1492 2.56 1.77 125.0 58.1 
M22 5. ,17 1187 3.24 1.54 156.0 57.9 
M23 6. ,05 2319 1.91 1.61 119.1 61.8 
M24 S. ,58 1846 2.21 1.53 114.6 58.9 
M2S 6. ,15 1832 2.38 1.61 124.4 62.1 
M26 6. ,49 1927 2.50 1.59 151.7 61.1 
M27 6. ,19 1909 2.70 1.34 164.9 61.3 
M28 5. 73 2280 2.03 1.62 118.9 60.8 
M29 6. ,03 1914 2.32 1.69 127.0 60.3 
M30 6. 11 1666 2.72 1.57 167.2 60.6 
M31 5. 99 1735 2.59 1.60 149.4 60.3 
M32 5. 37 1407 2.83 1.56 132.1 58.3 
M33 S. 32 1239 3.01 1.63 167.6 61.3 
M34 5. 97 1225 3.23 1.70 159.1 61.0 
M3S 5. 52 1678 2.48 1.61 142.1 60.5 
M36 5. 81 1477 2.74 1.64 138.4 58.5 
M37 6. 23 1715 2.65 1.63 150.5 61.0 
M38 5. 85 1646 2.65 1.56 147.2 60.1 
M39 5. 76 1992 2.29 1.41 115.9 60.5 
M40 6. 08 1584 2.93 1.52 178.8 62.9 
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Table 8 (Continued) 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height midbloom 
(Mq/ha) (q) (cm) 
MAR X Ml 6.68 2119 2.29 1.54 141.9 63.9 
M2 6.23 1898 2.37 1.63 137.9 62.5 
M3 6.80 1912 2.49 1.74 139.1 63.0 
M4 5.80 1404 2.81 1.71 155.5 60.3 
M5 6.49 1436 2.78 1.92 147.5 60.5 
M6 7.11 2138 2.31 1.69 133.7 64.9 
M7 6.11 1699 2.53 1.63 148.9 60.5 
MB 6.90 1722 2.75 1.57 174.7 62.1 
M9 6.19 1673 2.32 1.90 139.1 60.1 
M10 6.56 1510 2.59 1.95 138.8 61.4 
Mil 6.10 1701 2.27 1.82 140.7 62.6 
M12 5.77 1784 2.53 1.45 142.6 60.6 
M13 6.29 1691 2.59 1.66 139.5 61.9 
M14 5.21 1519 2.74 1.39 140.8 60.6 
M15 6.43 1793 2.75 1.51 152.2 61.9 
M16 6.51 2099 2.30 1.52 153.5 60.0 
M17 6.17 1641 2.42 1.82 115.3 63.3 
MIS 5.97 1459 2.50 1.91 126.0 60.9 
M19 5.79 1479 2.54 1.75 107.0 61.3 
M20 6.32 1710 2.42 1.81 136.9 61.3 
M21 6.17 1499 2.82 1.65 128.0 61.5 
M22 5.64 1269 3.04 1.71 157.7 61.8 
M23 5.78 2154 2.09 1.45 118.3 64.8 
M24 6.30 1785 2.66 1.63 178.1 63.8 
M25 6.04 1826 2.34 1.66 128.6 64.6 
M26 6.50 1980 2.40 1.58 141.2 64.8 
M27 6.04 1902 2.43 1.49 172.7 65.4 
M28 6.00 2053 2.29 1.51 126.8 61.1 
M29 5.73 1843 2.48 1.57 128.5 62.0 
M30 6.06 1637 2.58 1.60 172.4 62.6 
M31 5.94 1625 2.65 1.52 142.3 63.4 
M32 5.75 1642 2.70 1.44 142.5 60.8 
M33 6.08 1282 3.15 1.78 166.6 63.0 
M34 6.05 1481 2.57 1.79 149.5 61.5 
M35 6.03 1965 2.18 1.65 123.7 60.9 
M36 6.31 1640 2.66 1.69 148.4 60.5 
M37 6.14 1442 2.88 1.65 142.6 64.0 
M38 5.74 1541 2.59 1.60 136.6 61.8 
M39 5.90 1879 2.23 1.62 122.7 62.0 
M40 6.10 1902 2.35 1.57 115.3 62.9 
3D, 5% 0.68 266 0.28 0.19 10.1 1.6 
1% 0.89 350 0.36 0.24 13.3 2.1 
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Table 9. Means for commercial hybrids for grain yield and other traits 
in the combined and individual environments 
100-
Commercial Grain Seeds/ seed 
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Table 10. Hybrid means grouped by male parents for grain yield and 
other traits averaged over three females parents and four 
environments 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Male parent yield panicle weight plant height midbloom 
(Mg/ha) (q) (cm) 
Ml 6.81 2138 2.39 1.51 139.3 62.0 
M2 6.70 1979 2.46 1.61 137.1 62.1 
M3 6.65 1908 2.55 1.62 134.4 61.5 
M4 5.71 1417 2.92 1.58 149.3 60.1 
MS 6.32 1539 2.68 1.81 147.9 59.0 
M6 7.22 2068 2.41 1.68 137.3 63.1 
M7 6.62 1723 2.69 1.68 154.7 60.4 
M8 7.45 1876 2.88 1.55 172.3 62.8 
M9 6.19 1696 2.44 1.74 138.6 59.9 
M10 6.63 1534 2.64 1.92 137.0 61.7 
Mil 6.23 1581 2.59 1.76 138.8 61.3 
M12 5.54 1793 2.49 1.42 137.3 59.8 
M13 6.10 1673 2.57 1.62 133.6 61.4 
M14 5.12 1442 2.79 1.47 138.4 59.8 
MIS 5.89 1579 2.95 1.47 146.3 61.5 
M16 6.99 2069 2.44 1.60 159.7 60.4 
M17 6.27 1581 2.62 1.78 119.0 62.6 
M18 5.78 1578 2.47 1.76 130.5 61.3 
M19 6.00 1658 2.54 1.67 115.0 60.6 
M20 6.19 1649 2.46 1.73 134.2 62.4 
M21 5.99 1478 2.79 1.65 128.4 60.3 
M22 5.74 1342 3.15 1.56 151.3 59.7 
M23 6.12 2263 2.06 1.50 117.2 63.5 
M24 6.34 1823 2.53 1.57 144.3 62.1 
M25 6.19 2009 2.31 1.56 125.3 63.6 
M26 6.57 1926 2.49 1.59 138.8 63.0 
M27 6.44 2096 2.55 1.38 165.4 63.6 
M28 6.12 2190 2.21 1.55 125.9 61.3 
M29 5.96 1845 2.49 1.56 129.9 61.3 
M30 6.14 1634 2.70 1.59 169.8 61.4 
M31 5.94 1739 2.51 1.56 135.1 62.1 
M32 5.67 1576 2.77 1.48 139.1 59.6 
M33 6.05 1347 3.08 1.69 163.3 61.8 
M34 6.07 1381 2.91 1.71 153.0 61.2 
M35 5.93 1877 2.31 1.59 131.1 60.4 
M36 6.04 1564 2.74 1.62 143.0 59.8 
M37 6.33 1677 2.73 1.61 144.2 62.5 
M38 6.13 1699 2.63 1.54 144.7 60.9 
M39 5.96 1990 2.27 1.51 116.7 61.5 
M40 6.19 1816 2.61 1.50 143.3 63.0 
LSD, S% 0.48 178 0.17 0.13 6.7 1.1 
1% 0.64 236 0.23 0.17 8.9 1.5 
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and were shorter than the M8 hybrids. Means for the hybrids grouped by 
male parents for the individual environments are presented in Appendix 
Tables 28 through 31. 
Means for the hybrids grouped by female parents and averaged over 
forty male parents for the ccxnbined and individual environments are 
listed in Table 11. Hybrids with the Combine Kafir 60 female parent had 
the highest mean yield, followed by hybrids with Martin and then Redbine 
58 parent. The highest yielding individual hybrid, however had Redbine 
58 as the female parent (Table 8). Combine Kafir 60 hybrids also had 
the most seeds/panicle and the largest seed. 
Combining Ability Analysis of Variance and 
Estimates of GCA and SCA Effects 
Mean squares from the analysis of variance that are attributable to 
male and female parentage of the hybrids (Table 6) provide a measure of 
general combining ability (GCA) effects for the two parental groups. 
The analysis indicated that GCA males effects were highly significant 
(p <_ 0.01) for all traits measured. The mean squares for GCA females 
were highly significant for grain yield, panicles/plant, and days to 
midbloom. The interaction between male and female effects provides a 
measure of specific combining ability (SCA) effects. That source of 
variation was highly significant for all traits. 
Hybrid x environment interactions were indicated foe grain yield, 
seeds/panicle, 100-seed weight, plant height and days to midbloom (Table 
6). The male GCA effects interacted with environments more often and at 
higher levels of significance than did the female-GCA or SCA effects. 
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Table 11. Hybrid means grouped by female parents for grain yield and 
other traits averaged over forty male parents for the 
combined and individual environments 
__ 
Female Grain Seeds/ seed Panicles/ Plant Days to 
parent yield panicle weight plant height midbloom 
(Mq/ha) {3} (am) 
Canbined environments 
Combine Kafir 60 6.41 1810 2.65 1.54 137.0 61.8 
Redbine 58 6.07 1703 2.60 1.63 142.5 60.3 
Martin 6.14 1718 2.53 1.65 141.3 62.2 
LSD, 5% 0.18 103 0.07 0.05 3.6 0.7 
1% 0.28 156 0.11 0.07 5.5 1.1 
1987 Agronomy Research Center 
Combine Kafir 60 6.68 1620 2.60 1.81 138.2 66.0 
Redbine 58 6.33 1621 2.44 1.89 144.3 64.8 
Martin 6.41 1610 2.44 1.91 144.5 66.2 
LSD, 5% 0.34 209 0.19 0.23 4.0 0.2 
1% 0.78 483 0.44 0.52 9.3 0.3 
1987 Burkey Research Farm 
Combine Kafir 60 6.52 1523 2.94 1.69 144.2 60.5 
Redbine 58 6.45 1494 2.92 1.76 153.5 58.9 
Martin 6.52 1456 2.81 1.84 151.2 60.9 
LSD, 5% 0.20 131 0.18 0.14 2.5 0.5 
1% 0.47 302 0.42 0.31 5.7 1.1 
1988 Agronony Research Center 
Combine Kafir 60 5.90 1878 2.42 1.47 134.7 62.7 
Redbine 58 5.48 1655 2.45 1.60 136.6 60.6 
Martin 5.55 1679 2.36 1.61 138.6 63.5 
LSD, 5% 0.07 239 0.14 0.07 12.2 1.0 
1% 0.16 550 0.31 0.16 28.2 2.3 
1988 Burkey Research Farm 
Combine Kafir 60 6.52 2219 2.66 1.20 130.8 57.8 
Redbine 58 6.03 2041 2.60 1.26 135.5 57.0 
Martin 6.10 2129 2.52 1.24 131.1 58.0 
LSD, 5% 0.15 186 0.14 0.07 0.7 0.3 
1% 0.35 429 0.31 0.16 1.6 0.8 
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Table 12. Ratios for RZ&f, and for grain yield and other 
traits from data averaged over four environments 
100- Panicles Days 
Grain Seeds/ seed per Plant to 
Ratio yield panicle weight plant height midbloom 
K^Am/K^Af 6.4:1 27.2:1 19.5:1 3.7:1 38.2:1 1.5:1 
K^Am/K^D 6.5:1 6.3:1 3.0:1 8.1:1 2.4:1 4.1:1 
K^Af/K^D 1.0:1 0.2:1 0.2:1 2.2:1 0.1:1 2.8:1 
SCA effects interacted significantly with the environment less often 
than did GCA effects. 
Both GCA male effects and SCA effects were highly significant for 
all traits studied. A more direct measure of the relative importance of 
OCA to SCA effects for this fixed set of lines is presented in Table 12. 
Estimates of additive genetic effects for the males females 
(K^Af) and dominance effects (K^q) were obtained from the combined 
ANOVA/ under the assumption of no epistasis. The values of these 
effects were adjusted for the inbreeding value of the parents (F = 0.75 
for the males and F = 1 for the females) (Cockerham, 1963). For all 
traits, was much greater than The highest ratio of male to 
female additive effects was for plant height (38.2:1), and the lowest 
value was for days to midbloom (1.5:1). These results indicate that the 
male parents in my experiment contributed more additive effects to the 
inheritance of all traits than did the female parents. The effects 
were much larger than effects for all characters, indicating the 
greater importance of male additive effects relative to dominance 
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effects. The K2^f effects were larger than effects for 
panicles/plant and days to midbloom, equal for grain yield, and smaller 
for the other traits. 
Estimates of GCA and SCA effects of the individual male and female 
parents when combined to produce hybrids are presented for grain yield 
and other traits in Tables 13 through 18. The GCA effects are numerical 
values assigned to parents according to their average performance in 
hybrid combinations expressed as a deviation from the overall mean. For 
grain yield (Table 13) hybrids with M8, M6, M16, and Ml parents 
exhibited large positive GCA effects that exceeded there standard errors 
by three or more times. The four male parents with the highest positive 
GCA effects for yield also tended to have moderate to high GCA for 
seeds/panicle, plant height and days to midbloom, and low GCA for 100-
seed weight. Among the female parents Combine Kafir 60 had the highest 
positive GCA effect for yield, while Martin and Redbine 58 displayed 
negative GCA effects. Combine Kafir 60 also had the most desirable GCA 
effects for seeds/panicle, 100-seed weight, and plant height. 
The SCA effects of an individual hybrid are reflected by deviations 
in performance from that predicted by the average performance of its 
parents. For grain yield (Table 13), 21 hybrids had SCA effects that 
exceeded their standard errors by two of more times. Large positive SCA 
effects were shown by the hybrids Kafir 60 x M24, Kafir 60 x M33, 
Redbine 53 x M2, Redbine 53 x M8 and Martin x M15. Redbine 58 x M8 was 
the highest yielding of the 120 experimental hybrids. MB had the 
largest positive GCA effect for grain yield among the male parents, 
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Table 13. Estimates of general (GCA) and specific (SCA) combining 
ability effects for grain yield measured over four 
environments 
Male Female parent GCA effects 
parent Kafir 60 Redbine 58 Martin of males 
SCA effects 
Ml 0 .04 0 .02 -0.06 0 .60** 
M2 -0 .19 0 .59** -0.40* 0 .49* 
•M3 -0 .20 -0 .02 0.22 0 .44* 
M4 -0 .07 -0 .08 0.15 -0 .49* 
M5 -0 .28 0 .05 0.23 0 .11 
M6 .00 0 .06 -0.05 1 .02** 
M7 0 .22 0 .23 -0.45* 0 .41* 
M8 .00 0 .49* -0.49* 1 .24** 
M9 0 .02 -0 .09 0.07 -0 .02 
M10 0 .07 -0 .07 .00 0 .42* 
Mil -0 .14 0 .20 -0.07 0 .02 
M12 -0 .28 -0. 01 0.29 -0, .67** 
M13 -0 .09 -0, .16 0.26 -0, .11 
M14 -0, .40* 0, .25 0.15 -1, .08** 
M15 -0 .26 -0, .34* 0.61** -0, .32 
M16 0, .04 0, .38* -0.42* 0, .78** 
M17 -0, .34* 0, .37* -0.03 0, .07 
M18 -0, .18 -0. 07 0.26 -0. 43* 
M19 -0, .13 0. 28 -0.15 -0. 20 
M20 0, .01 -0. 21 0.20 -0. 02 
M21 -0, .32 0. ,08 0.24 -0. ,21 
M22 0. 46* -0. ,43* -0.03 -0. ,47* 
M23 0. 21 0. ,06 -0.27 -0. ,09 
M24 0. ,60** -0. 63** 0.02 0. ,13 
M25 -0. 02 0. ,10 —0.08 -0. ,02 
M26 -0. ,06 0. ,06 .00 0. 36* 
M27 0. ,45* -0. ,12 -0.33 0. 23 
M28 0, ,32 -0. 26 -0.06 -0. 09 
M29 -0. ,05 0. 21 -0.16 -0. 25 
M30 -0. ,09 0. 11 -0.02 -0. 07 
M31 -0. 25 0. 19 0.07 -0. 27 
M32 0. 01 -0. 16 0.15 -0. 54** 
M33 0. 50* -0. 60** 0.09 -0. 16 
M34 -0. 08 0. 03 0.04 -0. 14 
M35 0. 11 -0. 27 0.16 -0. 28 
M36 -0. 25 -0. 09 0.34* -0. 17 
M37 0. 10 0. 03 -0.13 0. 12 
M38 0. 47* -0. 14 -0.32 -0. 08 
M39 0. 06 -0. 06 .00 -0. 25 
M40 0. 01 0. 02 -0.03 -0. 01 
GCA effects 
of females 0. 20** -0. 14** -0.06 (X.. = 6.21) 
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Table 14. Estimates of general (OCA) and specific (SCA) combining 
ability effects for seeds/panicle measured over four 
environments 
Male Female parent GCA effects 
parent Kafir 60 Redbine 58 Martin of males 
SCA effects 
Ml -46 40 6 394** 
M2 -107 163* -56 236** 
M3 -93 63 30 164* 
M4 28 -41 13 -327** 
MS 330** -252** -78 -205** 
M6 64 -160* 96 324** 
M7 116 -118 2 -21 
M8 -25 153* -128 132* 
M9 —88 86 2 -47 
M10 -35 35 1 -209** 
Mil -98 -48 145* -163* 
M12 -215** 199* 16 50 
M13 -55 11 44 -71 
M14 -58 -45 103 -302** 
M15 -164* -75 239** -165* 
M16 -148* 93 55 325** 
M17 -331** 245** 86 -163* 
M18 -144* 238** -93 -166* 
M19 155* -1 -154* -86 
M20 114 -201* 86 -95 
M21 -102 55 47 -266** 
M22 163* -115 -48 -402** 
M23 -15 98 -83 519** 
M24 -51 64 -13 80 
M25 294** -137* -158* 265** 
M26 -120 41 79 183* 
M27 315** -146* -168* 352** 
M28 -19 131 -112 446** 
M29 -133 110 23 101 
M30 -102 73 29 -110 
M31 51 37 —88 -5 
M32 38 -129 91 -167* 
M33 107 -67 -40 -397** 
M34 -11 -115 126 -363** 
M35 45 -158* 113 133* 
M36 -56 -46 102 -180* 
M37 131 79 -210** -67 
M38 143* -11 -132 -45 
M39 43 43 -86 247** 
M40 81 -191* 111 72 
GCA effects 
of females 66* -41 -25 (X.. = 1744) 
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Table 15. Estimates of general (GCA) and specific (SCA) combining 
ability effects for 100-seed weight measured over four 
environments 
Male Female parent qca effects 
parent Kafir 60 Redbine 58 Martin of males 
SCA effects 
Ml 0.21* -0.18* -0.04 -0.21** 
M2 0.11 -0.08 -0.04 -0.13* 
M3 0.14 -0.14 .00 -0.05 
M4 0.07 -0.02 -0.05 0.32** 
M5 -0.50** 0.34** 0.16* 0.08 
M6 -0.22* 0.26** -0.03 -0.19** 
M7 -0.20* 0.31** -0.10 0.10 
MB 0.06 .00 -0.07 0.28** 
M9 0.06 .00 —0.06 -0.15* 
M10 0.07 —0.08 0.01 0.04 
Mil 0.22* 0.04 -0.25** -0.01 
M12 0.09 -0.19* 0.10 -0.11 
M13 -0.03 -0.05 0.08 -0.03 
M14 -0.20* 0.19* 0.01 0.20** 
M15 0.06 0.08 -0.13 0.35** 
'M16 0.12 -0.04 -0.08 -0.16* 
M17 0.41** -0.27** -0.14 0.02 
M18 0.23** -0.33** 0.09 -0.13* 
M19 -0.29** 0.22* 0.06 -0.06 
M20 0.07 —0.08 0.01 -0.13* 
M21 0.14 -0.23** 0.09 0.19** 
M22 -0.03 0.08 -0.05 0.56** 
M23 0.06 -0.15 0.09 -0.54** 
M24 0.14 -0.33** 0.19* -0.06 
M25 -0.15 0.06 0.08 -0.28** 
M26 0.03 .00 -0.03 -0.10 
M27 -0.09 0.14 -0.05 -0.05 
M2B 0.04 -0.18* 0.14 -0.38** 
M29 0.13 -0.18* 0.04 -0.10 
M30 0.04 0.01 -0.05 0.10 
M31 -0.27** 0.07 0.20* -0.09 
M32 -0.04 0.06 -0.01 0.18* 
M33 • -0.05 -0.08 0.13 0.49** 
M34 -0.03 0.31** -0.28** 0.32** 
M35 —0.08 0.16* —0 • 08 -0.28** 
M36 0.02 .00 -0.02 0.14* 
M37 -0.14 -0.08 0.21* 0.13* 
M38 -0.04 0.01 0.02 0.03 
M39 -0.05 0.02 0.03 -0.33** 
M40 -0.12 0.32** -0.19* 0.01 
GCA effects 
of females 0.06** .00 -0.06** (X.. = 2.60) 
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Table 16. Estimates of general (GCA) and specific (SCA) combining 
ability effects for panicle/plant measured over four 
environments 
Male Female parent GCA effects 
parent Kafir 60 Redbine 58 Martin of males 
SCA effects 
Ml —0.08 0.10* -0.02 -0.09* 
M2 -0.04 0.06 -0.02 .00 
M3 -0.11* 0.03 0.08 ' 0.01 
M4 -0.13* 0.04 0.09 -0.03 
M5 -0.05 -0.02 0.07 0.20** 
M6 0.08 -0.05 -0.03 0.08 
M7 0.09 .00 -0.10* 0.08 
M8 0.04 -0.01 -0.03 -0.05 
M9 0.06 -0.17** 0.11* 0.13** 
M10 0.02 .00 -0.02 0.32** 
Mil -0.04 0.02 0.02 0.15** 
M12 0.11* -0.10* -0.01 -0.19** 
M13 -0.03 0.04 -0.01 0.02 
M14 0.11* 0.01 -0.12* -0.14** 
M15 0.04 -0.04 .00 -0.14** 
M16 0.03 0.10* -0.12* -0.01 
M17 .00 0.01 .00 0.17** 
M18 -0.02 -0.09 0.10* 0.15** 
M19 .00 -0.04 0.04 0.06 
M20 -0.17** 0.14* 0.03 0.13** 
M21 -0.05 0.10* -0.05 0.05 
M22 -0.07 -0.04 0.11* -0.05 
M23 0.01 0.09 —0.09 -0.11* 
M24 0.05 -0.06 0.01 -0.04 
M25 -0.09 0.03 0.06 -0.05 
M26 0.08 -0.02 -0.05 -0.02 
M27 -0.01 -0.06 0.07 -0.23** 
M28 0.04 0.04 -0.09 -0.05 
M29 -0.08 0.11* -0.03 -0.05 
M30 0.08 -0.04 -0.04 -0.01 
M31 0.06 0.02 -0.09 -0.05 
M32 0.03 0.06 -0.09 -0.12* 
M33 0.03 -0.08 0.05 0.08 
M34 -0.01 -0.03 0.04 0.10* 
M35 -0.01 -0.01 0.02 -0.02 
M36 -0.02 .00 0.02 0.01 
M37 0.02 -0.01 -0.01 0.01 
M38 -0.01 .00 0.01 -0.07 
M39 0.04 -0.12* 0.07 -0.10* 
M40 -0.03 .00 0.03 -0.11* 
OCA effects 
of females -0.07** 0.02 0.04* (X.. = 1.61) 
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Table 17. Estimates of general (OCA) and specific (SCA) combining 
ability effects for plant height measured over four 
environments 
Male Female parent qca effects 
parent Kafir 60 Redbine 58 Ttertin of males 
SCA effects 
Ml -0.29 -1.27 1.57 -1.01 
M2 -0.15 0.52 -0.37 -3.13 
M3 -2.06 -1.49 3.55 -5.82* 
M4 5.77* -10.86** 5.08 9.05** 
M5 -28.49** 30.00** -1.51 7.61** 
M6 0.67 3.97 -4.64 -2.98 
M7 -4.75 11.59** -6.84* 14.42** 
M8 10.49** -11.79** 1.30 32.08** 
M9 1.17 -0.58 -0.59 -1.63 
M10 1.23 -2.00 0.77 -3.29 
Mil 0.20 -1.01 0.81 -1.48 
M12 -14.19** 9.96** 4.23 -2.99 
M13 -5.02 0.23 4.79 -6.69* 
M14 -3.46 2.09 1.38 -1.89 
M15 3.89 -8.66** 4.78 6.03* 
M16 2.73 4.58 -7.31* 19.46** 
M17 8.99** -4.14 -4.85 -21.22** 
M18 8.25** —2.66 -5.59* -9.75** 
M19 3.86 5.24* -9.10** -25.24** 
M20 17.94** -19.56** 1.63 -6.07** 
M21 7.11* -5.65* -1.46 -11.86** 
M22 -7.73* 2.47 5.26* 11.07** 
M23 0.28 -0.27 -0.01 -23.06** 
M24 -0.71 -31.94** 32.65** 4.06 
M25 0.81 -3.07 2.27 -14.99** 
M26 -11.93** 10.62** 1.31 -1.43 
M27 -3.54 -2.71 6.25* 25.11** 
M28 9.49** -9.26** -0.22 -14.34** 
M29 7.56* -5.11 -2.45 -10.37** 
M30 3.26 -4.80 1.54 29.54** 
M31 -18.14** 12.09** 6.05* -5.12* 
M32 6.99* -9.21** 2.23 -1.12 
M33 -4.29 2.08 2.22 23.04** 
M34 0.61 3.91 -4.52 12.71** 
M35 -0.39 8.84** -8.45** -9.19** 
M36 2.63 -6.87* 4.24 2.76 
M37 -1,39 4.10 -2.71 3.91 
M38 8.84** 0.31 -9.15** 4.41 
M39 -1.90 -3.01 4.91 -23.58** 
M40 -4.33 33.37** -29.04** 3.00 
GCA effects 
of females -3.28** 2.20* 1.08 (X.. = 140.3) 
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Table 18. Estimates of general (GCA) and specific (SCA) combining 
ability effects for days to midbloom measured over four 
environments 
Male Female parent GCA effects 
parent Kafir 60 Redbine 58 Martin of males 
SCA effects 
Ml -0.47 -0.65 1.12** 0.60 
M2 0.53 -0.15 —0*38 0.72 
M3 0.11 -0.82* 0.71 0.14 
M4 0.90* -0.27 -0.63 -1.28** 
M5 -1.27** 0.56 0.71 -2.36** 
M6 -0.10 -0.90* 1.00* 1.72** 
M7 0.40 0.23 -0.63 -1.03* 
M8 -0.64 2.06** -1.42** 1.39** 
M9 0.28 0.23 -0.50 -1.53** 
M10 -0.02 1.06* -1.04* 0.26 
Mil -0.64 0.06 0.58 -0.11 
M12 0.61 -0.69 0.08 -1.61** 
M13 0.11 0.18 -0.29 0.01 
M14 0.28 -0.40 0.12 -1.65** 
M15 -0.10 0.48 -0.38 0.10 
M16 0.86* 0.31 -1.17** -0.99* 
M17 0.90* -0.77* -0.13 1.22** 
Mia 0.28 0.85* -1.13** -0.15 
M19 -0.06 0.14 -0.09 -0.82* 
M20 0.48 1.43** -1.92** 1.01* 
M21 0.53 -1.02* 0.50 -1.15** 
M22 -0.56 -0.73* 1.29** -1.70** 
M23 0.07 -0.61 0.54 2.05** 
M24 1.28** -2.15** 0.87* 0.72 
M25 0.15 -0.40 0.25 2.22** 
M26 -0.22 -0.77* 1.00* 1.60** 
M27 -0.31 -0.73* 1.04* 2.18** 
M28 0.36 0.56 -0,92* -0.11 
M29 -0.02 0.06 -0.04 -0.11 
M30 -0.77* 0.31 0.46 0.01 
M31 0.28 -0.77* 0.50 0.72 
M32 -0.18 -0.23 0.41 -1.82** 
M33 -1.02* 0.56 0.46 0.39 
M34 -0.43 0.89* -0.46 -0.20 
M35 -0.97* 1.23** -0.25 -1.03* 
M36 0.15 -0.15 ' .00 -1.65** 
M37 -0.43 -0.36 0.79* 1.05* 
M38 -0.39 0.31 0.08 -0.49 
M39 0.15 0.10 -0.25 0.10 
M40 -0.10 0.98* -0.88* 1.60** 
GCA effects 
of females 0.35* -1.10** 0.75** (X,. = 61.4) 
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but Redbine 58 had the lowest GCA value for yield among the female 
parents. Significant individual hybrid SCA effects were more prevalent 
for seed/panicle, 100-seed weight, plant height and days to midbloom, 
than they were for grain yield 
Correlations Among Characters 
Phenotypic and genotypic correlations among the traits measured are 
presented in Table 19. The phenotypic correlations of grain yield with 
seeds/panicle (r = 0.50) and days to midbloom (r = 0.37) were positive 
and highly significant (p <_0.01). Grain yield and plant height also 
were positively and significantly (p <_ 0.05) correlated, although the 
coefficient was not large (r = 0.22). Seeds/panicle was correlated 
negatively with 100-seed weight (r = -0.74) and plant height (r = 
-0.24), and positively with days to midbloom (r = 0.35). Plant height 
was correlated positively with 100-seed weight (r = 0.54). Genotypic 
correlations, in nearly all cases, were slightly larger than the 
corresponding phenotypic correlation. 
Table 19. Phenotypic (above diagonal) and genotypic (below diagonal) correlations among traits 
maasured at the Agronomy Research Center and Burkey Research Farm, 1987 and 1988 
100-
Grain Seeds/ seed Panicles/ Plant Days to 
Trait yield panicle weight plant height midbloom 
Grain yield 0.50** -0.08 0.12 0.22* 0.37** 
Seeds/panicle 0.53 -0.74** -0.04 -0.24** 0.35** 
100-seed weight -0.11 -0.75 -0.04 0.54** -0.17 
Panicles/plant 0.05 0.00 -0.05 -0.05 -0.09 
Plant height 0.25 -0.26 0.59 -0.06 -0.01 
Days to midbloom 0.46 0.40 -0.20 -0.11 -0.04 
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DISCUSSION 
Lothrop et al. (1985a) evaluated the performance of and half-sib 
families selected from IAP1R(M)C3. Their results indicated that 
IAP1R(M)C3 combined acceptable plant height and early maturity with good 
yielding ability. They suggested that the population should be useful 
for the selection of fertility-restorer lines to male-sterility-
inducing cytoplasm. The average grain yield of families from 
IAP1R(M)C3/ expressed as a percentage of the mean yield of commercial 
hybrids RS 610 and RS 671, was 72% in one experiment, and 92% in 
another. Ess (1988) found that the average grain yield of hybrids of 40 
lines selected randomly from IAP1R(M)C3 and crossed to A^ Redbine 58 was 
87% of the mean yield of RS 608, RS 610 and RS 671, with individual 
hybrids yielding up to 114% of the commercial hybrids. 
My experiments were designed to evaluate the combining ability of 
40 S2 families derived from IAP1R(M)C3 when crossed to three male-
sterile inbreds. Mean grain yields over all environments, of the 
experimental hybrids and the commercial hybrids RS 608 (Martin x Tx 
7078), RS 610 (Canbine Kafir 60 x Tx 7078) and RS 671 (Redlan x Tx 415), 
were 6.21 Mg/ha and 6.01 Mg/ha, respectively. Average yield of the 
experimental hybrids was 103% of the yield of the cotmercial hybrids. 
The highest yielding experimental hybrid (Redbine 58 x M8) averaged 130% 
of the commercial hybrid mean. 
The combined ANOVA (Table 6), indicated there were no significant 
differences among the environments for grain yield. If the ANOVA is 
calculated with data from the Agronomy Research Center in 1988 excluded, 
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significant differences among environments for yield are indicated. 
Because of appreciable stalk lodging in that test (environment), grain 
yields in the first replicate averaged 6.00 Mg/ha, but only 5.29 Mg/ha 
in the second replicate. Because the mean square for environments was 
tested against the pooled estimate of differences among replicates-
within-environments, and the difference between replicates for grain 
yield was highly significant and very large at the Agronomy Research 
Center in 1988 (Table 22) but not at the other environments (Tables 20, 
21, 23), significant differences among environments were indicated when 
the Agronomy Research Center 1988 data were excluded. 
Tlie combined ANOVA indicated that GCA male effects were highly 
significant (p £0.01) for all traits measured. Recurrent selection 
makes use of the additive genetic variance, and estimates show that 
general combining ability, or additive variance, in sorghum is large 
(Doggett, 1988). Given the specific development of IAP1R{M)C3 and the 
advantages of recurrent selection to improve the population while 
maintaining genetic variability, significant differences among the male 
parents were not unexpected. Eckebil et al. (1977) stated that the 
genetic base of NP3R was moderately wide. Four of the ten restorer 
lines crossed onto male-sterile segregates of NP3R were converted exotic 
sorghums, resulting in the lAPlR base population containing about 20% 
exotic germplasm. Because of the low selection intensity (about 20%) 
and the large number oE male-sterile heads (300) used to composite seed 
for planting each cycle, the intermediate to high genetic variability of 
lAPlR base population for grain yield and other traits would be expected 
to decrease little over three cycles of mass selection. Secrist (R. E. 
Secrist, Iowa State University, Ames, Iowa, personal communication, 
1989) found that the genetic variance in lAPlR(M) for grain yield 
decreased slightly over three cycles with mass selection for panicle 
weight relative to variances with replicated testing of families. 
The mean squares for GCA females were highly significant for grain 
yield, panicles/plant, and days to midbloom (Table 6), but not for the 
other traits. The female parents used in this investigation are highly 
selected inbreds adapted to sorghum production in Iowa. Nonsignificance 
for some traits could be expected because, 1) Martin is a parent of 
Redbine 58 (Lothrop, 1983), and 2) a smaller number of degrees of 
freedom are available for testing GCA females effects, thereby 
necessitating a high F ratio for significance. 
The interaction between male and female parent effects provides a 
measure of specific combining ability (SCA) effects. That source of 
variation was highly significant for all traits. The fact that SCA 
effects were significant in the expression of grain yield and other 
traits indicates that nonadditive gene effects contributed to the 
variation observed for these characters. 
Both GCA male effects and SCA eftects (MxF) were highly significant 
for all traits studied. The ratios presented in Table 12 provide a 
direct measure of the relative importance of GCA to SCA effects for this 
fixed set of lines. For all traits measured, the ratio of K^^m/K^Af was 
greater than unity. This is not unexpected given the large number of 
male parents selected from a genetically diverse random-mating 
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population compared to the relatively small number of highly selected 
elite female parents, two of which are closely related. The 
ratio was high for plant height (38.2:1), seeds/panicles (27.2:1) and 
100-seed weight (19.5:1), intermediate for grain yield (6.4:1) and 
panicles/plant (3.7:1), and near unity for days to midbloom (1.5:1). 
The high ratios of to indicate that a major portion of the 
genetic variance for these traits is of the additive type. This ratio 
was highest for panicles/plant (8.1:1), intermediate for grain yield 
(6.5:1) and seeds/panicle (6.3:1), and lowest for days to midbloom 
(4.1:1), 100-seed weight (3.0:1), and plant height (2.4:1). The ratio 
of K^^f/K^Q was greater than unity for days to midbloom (2.8:1) and 
panicles/plant (2.2:1), unity for grain yield (1.0:1) and less than 
unity for seeds/panicle (0.2:1), 100-saed weight (0.2:1) and plant 
height (0.1:1). 
Genetic diversity among the parents of a cross, along with the 
level of dominance expressed, can affect the performance of hybrids. 
The approximate germplasm contributions, (as determined from parentages 
of the ten male parents listed by Lothrop, 1983) of the three female 
parents used in iry research to the lAPlR(M) base population were 5.0%, 
1.25%, and 1.85% for Combine Kafir 60, Redbine 58 and Martin, 
respectively. Such low percentages of common germplasm in the base 
population and the female testers should have little or negligible 
effect on hybrid performance. 
Strong genotype x environment interactions can result in wide 
differences in relative performance among hybrids. The hybrids 
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interacted significantly with the environments for grain yield, 
seeds/panicle, 100-seed weight, plant height and days to midbloora. Male 
GCA effects interacted with environments more often and at higher levels 
of significance than did the female GCA effects. SCA effects interacted 
with the environment less often than did either GCA effect. The 
potential for high genotype x environment interaction in ny experiments 
likely was limited somewhat by close proximity of the environments 
within each year. 
The ten male parents that exhibited highest general combining 
ability effects for grain yield were M8 (1.24**), M6 (1.02**), M16 
(0.78**), Ml (0.60**), M2 (0.49*), M3 (0.44*), M10 (0.42*), M7 (0.41*), 
M26 (0.36*), and M27 (0.23), where ** means the GCA effect exceeded its 
standard error by three times, and * means the GCA effect exceeded its 
standard error by two times. Eight of the 12 highest-yielding hybrids 
were from crosses to the four male parents with the highest GCA effects 
(M8, M6, M16, Ml). Three of the high-yielding hybrids that were not 
from crosses to the high GCA male parents, possessed SCA effects that 
exceed their standard error by two or more times. Unfortunately, all 
hybrids from crosses to M8, M16 and M27 had unacceptable high GCA for 
plant height, which would limit their use as parents for commercial 
grain-type hybrids. Crosses to M6, Ml, M2, M3, M10, M26 exhibited good 
yield potential and had acceptable plant height and maturity. These 
male parents are prime candidates for further inbreeding, visual 
selection and testing to a wider array of parents. 
Of the 12 highest-yielding hybrids, seven were crosses to Combine 
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Kafir 60, four were to Redbine 58 and one was to Martin. For this 
sample of S2 families from IAP1R(M)C3, Combine Kafir 60 seems the 
preferable female parent for capitalizing on high GCA and SCA effects. 
Combine Kafir 60 would also seem the female of choice to use in hybrid 
combinations because it had the most desirable QCA-female effects for 
grain yield, seeds/panicle, 100-seed weight, and plant height. 
Because GCA effects were large relative to SCA effects in my 
investigation, as well as numerous others, it seems that early 
generation testing by topcrossing groups of potential male parents 
developed from random-mating populations with Combine Kafir 60 or a 
tester closely related to it, should successfully identify lines with 
good general combining ability. Parental lines with poor combining 
ability could be discarded early in the breeding program and resources 
focused on more promising germplasm. Continued inbreeding, combined 
with visual selection, and testcrossing the more promising phenotypes to 
a wider array of female parents to evaluate general and specific 
combining ability effects should identify superior parents and hybrid 
combinations. Continued improvement in the population per se through 
additional cycles of mass selection may also produce superior lines that 
could be infused into an inbred development or population improvement 
program. 
Any improvement realized in the base population also is expected to 
be reflected in improved lines and hybrids extracted Erom the population 
(Eberhart 1972; Jan-orn et al., 1976). It is the identification of 
acceptable inbreds that produce superior hybrids that verifies the 
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effectiveness of recurrent selection. The top-yielding hybrid in my 
experiments, Redbine 58 x M8, yielded 130% of the mean of the commercial 
hybrids RS 608, RS 610 and RS 671 (6.01 Mg/ha or 95.8 bu/a). The 12 
highest-yielding hybrids listed in order of grain yield were; (1) 
Redbine 58 x M8 (7.80 Mg/ha or 124.3 bu/a); (2) Combine Kafir 60 x M8 
(7.65 Mg/ha or 121.9 bu/a); (3) Combine Kafir 60 x M6 (7.42 Mg/ha or 
118.2 bu/a); (4) Redbine 58 x Ml6 (7.24 Mg/ha or 115.3 bu/a); (5) 
Combine Kafir 60 x M16 (7.23 Mg/ha or 115.2 bu/a); (6) Redbine 58 x M2 
(7.16 Mg/ha or 114.1 bu/a); (7) Redbine 58 x M6 (7.14 Mg/ha or 113.8 
bu/a); (8) Combine Kafir 60 x M24 (7.14 Mg/ha or 113.8 bu/a); (9) Martin 
X M5 (7.11 Mg/ha or 113.3 bu/a); (10) Combine Kafir 60 x M27 (7.08 Mg/ha 
or 112.8 bu/a); (11) Combine Kafir 60 x Ml (7.06 Mg/ha or 112.5 bu/a); 
(12) Combine Kafir 60 x M7 (7.04 Mg/ha or 112.2 bu/a). These hybrids 
all averaged at least 117% of the mean of the commercial hybrids. 
Improvements in grain yield must be considered in relation to 
associations with other plant characteristics. The total impact of 
yield gains may be favorable or unfavorable depending on the nature and 
magnitude of different inter-character correlations. Seeds/panicle had 
the highest phenotypic correlation with grain yield (r = 0.50**), 
followed by days to midbloom (r = 0.37**) and plant height (r = 0.22*), 
where ** = coefficient was significantly different from zero at the 1% 
confidence level, and * = significantly different from zero at the 5% 
level. 
Similar correlations of grain yield with seeds/panicle and days to 
midbloom were reported by Lothrop (1935b) and Ess (1988) fraxi 
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experiments involving lines and hybrids derived from IAP1R(M)C3. 
Lothrop found a higher correlation of grain yield with plant height (r = 
0.41**), but Ess did not find a significant correlation between those 
traits (r = -0.02). Plant height genes have been shown to have a major 
effect on grain yield (Casady, 1965; Graham and Lessman, 1966). Ess 
(1988) showed that the capacity to control excessive height in hybrids 
with parents developed by mass selection for individual-panicle weight 
was not as good as with replicated yield testing. During the 
development of lAPlR(M), selection was practiced for short- to medium-
height plants. But the C3 isolation block contained plants of both the 
2- and 3-dwarf height categories, plus some shorter plants. Combine 
Kafir 60, Redbine 58 and Martin all have the dwl Dw2 dw3 dw4 height 
genotype (Poehlman, 1979). Nordquist et al. (1973) stated that although 
the component lines of NP3R had height genotypes of dwl Dw2 dw3 dw4 or 
dwl dw2 dw3 dw4, a high frequency of tall plants (two dominant height 
alleles) was in the population. He speculated that the tall plants 
arose through outcrossing during the populations early development, by 
mutation, or because of inadequate isolation, and possibly by 
recombination of modifying genes. In my study, some of the highest-
yielding hybrids were unacceptably tall (<150 cm). Maintaining, or 
limiting the loss, of genetic variability is an important advantage of 
mass selection, but less than full control of an important agronomic 
trait such as plant height could be a distinct disadvantage. 
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SUMMARY 
The sorghum genotypes evaluated in the experiments reported in this 
dissertation were derived from the random-mating population IAP1R(M)C3. 
After three cycles of mass selection for individual-panicle grain 
weight, forty S2 families were selected from the population and crossed 
to three male-sterile inbreds [Ai Combine Kafir 60, Ai Redbine 58, and 
A]_ Martin) to produce 120 single-cross hybrids. The experimental 
hybrids along with three commercial sorghum hybrids ware grown in two 
years at two locations near Ames, Iowa. Measurements were obtained in 
the four environments for six agronomic characters to evaluate 
performance of the hybrids, and to obtain estimates of general and 
specific combining ability of the male and female parents. 
Highly significant differences (p <_0.01) were obtained for grain 
yield, seeds/panicle, 100-seed weight, panicles/plant, plant height, and 
days to midbloom for general combining ability (OCA) effects of the male 
parents and for specific combining ability (SCA) effects. Highly 
significant effects for general combining ability of the female parents 
were expressed for grain yield, panicles/plant, and days to midbloom. 
For all traits, additive genetic effects of the male parents 
were greater than additive effects of the female parents . 
The effects were decidedly larger than dominance genetic effects 
(K^q) for all characters, but hhe effects were slightly larger than 
the k2q effects for panicles/plant and days to midbloom, equal for grain 
yield, and smaller for the other traits. 
The four male parents (M8, M6, M16, Ml) with the highest GCA 
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effects for grain yield also had moderate to high GCA effects for 
seeds/panicle, plant height, and days to midbloom, and low GCA effects 
for 100-seed weight. Among the female patents, Combine Kafir 60 had the 
most desirable GCA effects for yield, seeds/panicle, 100-seed weight, 
and plant height. 
The top yielding experimental hybrid yielded 130% of the mean of 
the commercial hybrids (RS 608, RS 610, and RS 671). Seventy-eight of 
the hybrids outyielded the average of the commercial hybrids. Eight of 
the 12 highest yielding hybrids were from crosses to the four male 
parents with the highest general combining ability effects. Three of 
the high-yielding hybrids that were not from crosses to the high GCA 
male parents, possessed SCA effects that exceed their standard error by 
two or more times. Crosses to M6, Ml, M2, M3, M10 and M26 exhibited 
good yield potential and had acceptable plant height and maturity. 
Inter-character correlations were determined to assess the 
association of other plant characteristics with grain yield. 
Seeds/panicle had the highest phenotypic correlation with grain yield (r 
= 0.50), followed by days to midbloom (r = 0.37) and plant height (r = 
0.22). The highest coefficient among the characters measured was 
obtained for the negative correlation of seeds/panicle with,100-seed 
weight (r = -0.74). 
Because general combining ability effects were large relative to 
specific combining ability effects in these experiments, it seems that 
early-generation testing by topcrossing groups of potential male parents 
developed from randcm-mating populations with Combine Kafir 60 or a 
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closely-related tester should successfully identify lines with good 
general combining ability. Continued inbreeding, combined with visual 
selection, and testcrossing the more promising phenotypes to a wider 
array of female parents should identify superior parents and hybrids. 
Continued improvanent in the population per se through additional cycles 
of mass selection for panicle weight may also produce superior lines 
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Legend of symbols for Appendix tables; 
K 60 = Combine Kafir 60 
R 58 = Redbine 58 
Mar = Martin 
Ml to M40 = Male parent 1 to 40 




Source of Grain Seeds/ seed Panicles/ Plant Days to 
variation df yield panicle weight plant height midbloom 
(xl00) 
Replications 1 0.70 2166* 0.15 0.96** 2 43.35** 
Hybrids 119 1.44** 2072** 0.25** 0.09** 666** 3.07** 
Males 39 3.04** 4876** 0.43** 0.18** 1323** 5.01** 
Females 2 2.79** 28 0.68* 0.26 1028* 49.58** 
Males*Feonales 78 0.61** 722* 0.15** 0.04 328** 0.91 
Error (Hybrids/reps) 119 0.32 482 0.07 0.04 48 0.63 
Males/reps 39 0.25 455 0.07 0.05 70 0.61 
Females/reps 2 0.25 946 0.08 0.11 35 0.04 
Males*Females/reps 78 0.35 483 0.06 0.04 38 0.65 
Total 239 




Source of Grain Seeds/ seed Panicles/ Plant Days to 
variation df yield panicle weight plant height midblocm 
(Xl00) 
Replications 1 0.34 53 0.22 0.43** 8 0.07 
Hybrids 119 0.72** 1504** 0.22** 0.08* 852** 6.55** 
Males 39 1.08** 3150** 0.42** 0.11** 1663** 9.20** 
Females 2 0.14 906 0.35 0.45** 1854** 90.42** 
Males*Fanales 78 0.55** 697* 0.13** 0.05 420** 3.07** 
Error (Hybrids/reps) 119 0.25 436 0.06 0.05 59 1.18 
Males/reps 39 0.17 407 0.05 0.04 53 1.02 
Females/reps 2 0.09 370 0.07 0.04 13 0.47 
Males*Females/reps 78 0.29 452 0.07 0.05 64 1.29 
Total 239 




Source of Grain Seeds/ seed Panicles/ Plant Days to 
variation df yield panicle weight plant height midbloom Lodging 
(xl00) 
Replications 1 30. 78** 5128** 0. 02 1. 37** 51 37. 60** 1270** 
Hybrids 119 0. 61** 2029** 0. 21** 0. 06** 530** 14. 29** 933** 
Males 39 0. 88** 3253** 0. 37** 0. 08** 1005** 24, .00** 1490** 
Females 2 4. 12** 11980* 0. 16 0. 48** 311 179, 04** 6294** 
Males*Females 78 0. ,38* 1162** 0. ,13** 0. 03* 298** 5, .21** 517** 
Error (Hybrids/reps) 119 0. ,26 556 0. 07 0. ,02 64 2 .68 204 
Males/reps 39 0. ,35 735 0. 10 0. 03 45 2 .74 193 
Females/reps 2 0. ,01 1230 0. 04 0. 01 323 2 .13 458 
Males*Females/reps 78 0. ,22 450 0. ,06 0. 02 67 2 .66 203 
Total 239 
Table 23. Mean squares from the ANOVA for agronomic traits measured at the Burkey Research Farm, 
1988 
Mean squares 
Source of Grain Seeds/ seed Panicles/ Plant Days to 
variation df yield panicle weight plant height midbloom 
(Xl00) 
Replications 1 0.63* 631 0.07 0.38** 817** 0.94 
Hybrids 119 0.88** 2576** 0.18** 0.03** 487** 4.71** 
Males 39 1.88** 5680** 0.34** 0.07** 981** 9.68** 
Females 2 5.60** 6335* 0.37* 0.07* 543 25.13** 
Males*Females 78 0.26** 928** 0.09** 0.02 239** 1.71** 
Error (hybrids/reps) 119 0.12 507 0.04 0.01 27 0.56 
Males/reps 39 0.10 622 0.04 0.01 35 0.40 
Females/reps 2 0.05 747 0.04 0.01 1 0.24 




Table 24. Individual-hybrid means for grain yield and other traits 















K 60 X Ml 7 .66 1740 2.96 1.60 137.3 66.5 
M2 7 .33 1809 2.68 1.71 136.5 67.5 
M3 7 .47 1743 2.68 1.77 128.4 67.0 
M4 5 .30 1278 2.89 1.48 153.7 66.0 
M5 6 .45 1500 2.26 2.01 113.8 62.5 
M6 7 .47 1976 2.09 1.91 120.5 66.5 
M7 7 .56 1783 2.41 2.17 143.3 65.5 
M8 8 .26 1866 2.86 1.60 174.7 65.5 
M9 7 .03 1655 2.44 1.97 143.9 65.5 
M10 8 .00 1596 2.56 2.45 137.0 66.5 
Mil 1 .  40 1561 2.84 1.92 138.1 65.5 
M12 5, .54 1483 2.49 1.61 119.0 65.0 
M13 6, .23 1634 2.45 1.62 130.1 66.0 
M14 4, .67 1435 2.14 1.63 121.3 64.0 
M15 6, .00 1346 3.10 1.50 146.4 66.5 
M16 8, .50 1787 2.55 2.13 150.3 65.0 
M17 5, .40 922 3.25 1.97 126.7 67.5 
M18 5. 83 1254 2.75 2.12 138.3 66.0 
M19 6, .53 1629 2.44 1.90 113.5 65.0 
M20 6. ,73 1761 2.32 1.76 153.7 65.5 
M21 6. ,27 1246 3.12 1.67 137.2 65.5 
M22 5. ,30 1281 3.18 1.63 146.5 63.5 
M23 6. ,83 2270 1.91 1.73 111.1 66.5 
M24 8. ,50 2000 2.42 1.82 142.6 65.5 
M25 5. ,87 1784 2.43 1.67 127.9 68.0 
M26 7. ,76 1735 2.58 1.95 124.2 66.5 
M27 7. 53 2467 2.27 1.40 152.4 67.0 
M28 7. 13 2237 2.27 2.04 133.2 67.0 
M29 6. 00 1489 2.81 1.56 130.2 67.0 
M30 6. 47 1529 2.61 1.76 171.1 65.5 
M31 6. 57 1847 2.23 1.67 118.5 67.5 
M32 5. 24 1276 2.84 1.67 145.6 64.5 
M33 6. 53 1291 3.04 2.00 170.3 66.0 
M34 5. 83 1023 2.97 2.05 163.5 66.0 
M35 5. 63 1421 2.52 1.69 127.9 65.5 
M36 5. 37 1231 2.94 1.96 152.5 65.5 
M37 6. 30 1547 2.79 1.72 148.6 67.0 
M33 7. 83 1821 2.42 1.90 148.2 66.0 
M39 6. 60 1710 2.29 1.99 109.2 66.0 
M40 6. 37 1839 2.30 1.55 140.2 67.5 
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R 58 X Ml 7 .79 1900 2.16 1.97 136.1 65.5 
M2 7 .47 2038 2.14 2.02 136.5 66.0 
M3 7 .20 1980 2.09 1.93 135.6 64.5 
M4 5 .34 1101 2.66 2.03 145.3 64.5 
MS 6 .23 1440 2.53 1.87 184.4 63.5 
M6 8 .40 1795 2.52 2.03 145.1 65.0 
M7 7 .79 1677 2.73 2.27 165.3 64.0 
M8 8 .2S 1766 2.88 1.69 161.7 66.5 
M9 6 .93 1672 2.40 2.01 141.6 63.5 
M10 7 .33 1680 2.35 2.27 144.0 65.0 
Mil 7 .37 1704 2.33 2.04 143.2 64.0 
M12 5 .87 2095 2.12 1.48 153.1 63.5 
M13 6 .37 1643 2.49 1.88 130.8 64.5 
M14 4, .37 1135 2.83 1.42 151.3 63.0 
MIS 5, .58 1240 3.23 1.65 142.3 65.0 
M15 7, .73 2216 2.31 2.04 163.6 65.0 
M17 6, .67 1493 2.35 2.12 116.9 64.5 
M18 5, .44 1575 2.15 1.78 134.3 65.5 
M19 5, .40 1584 2.32 1.92 114.5 64.S 
M20 5. ,93 1637 2.12 1.95 119.8 65.5 
M21 6. 37 1478 2.30 2.05 122.8 62.5 
M22 5. 40 1020 3.15 1.98 153.5 62.5 
M23 5. ,90 2241 1.57 1.96 115.3 65.5 
M24 5. ,27 1844 1.74 1.83 116.1 64.0 
M25 6. ,13 1619 2.20 1.78 119.9 66.0 
M26 6. ,77 1766 2.23 1.84 150.8 65.0 
M27 6. ,63 1890 2.52 1.45 172.9 65.S 
M28 5. 97 2427 1.67 1.92 118.8 64.5 
M29 5. 93 1837 2.07 1.83 132.9 64.5 
M30 7. 11 1683 2.61 1.94 168.9 65.5 
M31 6. 67 1543 2.85 1.79 157.7 65.5 
M32 4. 97 1115 2.71 1.92 136.9 63.5 
M33 4. 77 1196 2.64 1.70 180.1 65.5 
M34 5. 77 974 3.09 2.05 164.3 65.5 
M35 5. 80 1707 2.35 2.02 149.7 64.5 
M36 5. 87 1412 2.48 1.83 140.2 63.0 
M37 6. 27 1402 2.62 1.89 159.2 66.0 
M38 5. 83 1197 2.78 2.00 153.6 65.5 
M39 5. 83 1778 2.16 1.79 113.4 65.5 
M40 5. 30 1342 3.10 1.73 131.0 67.5 
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Table 24 (Continued) 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height midbloom 
(Mg/ha) (g) (cm) 
MAR X Ml 7.55 1933 2.45 1.78 142.7 67.5 
M2 6.33 1813 2.13 1.99 132.0 66.5 
M3 7.05 1860 2.48 1.88 137.7 66.5 
M4 5.80 1097 2.86 2.20 160.1 65.5 
M5 6.67 1192 2.82 2.14 157.1 65.0 
M6 7.66 1813 2.44 2.03 134.7 68.0 
M7 6.00 1516 2.20 1.93 153.9 64.5 
M8 6.87 1560 2.60 1.75 176.4 66.0 
M9 7.00 1726 2.08 2.22 150.7 65.0 
M10 7.10 1612 2.25 2.32 142.4 66.0 
Mil 6.50 1615 2.24 2.15 144.2 66.0 
M12 5.80 1480 2.67 1.69 153.5 65.5 
M13 6.62 1796 2.28 1.88 138.8 66.0 
M14 5.24 1148 3.14 1.55 156.7 65.5 
M15 6.03 1678 2.84 1.53 151.7 66.5 
M16 6.80 2258 1.97 1.79 157.0 64.5 
M17 6.27 1499 2.25 2.17 112.5 66.5 
M18 6.13 1204 2.57 2.32 131.4 66.0 
M19 5.47 1461 2.26 1.81 107.0 65.5 
M20 7.23 1863 2.38 2.04 134.2 66.0 
M21 7.00 1370 2.97 1.90 132.9 66.0 
M22 5.77 1032 2.92 2.18 153.7 65.5 
M23 6.20 2195 1.83 1.83 115.9 66.5 
M24 6.80 1661 2.49 2.00 182.0 67.0 
M25 6.00 1603 2.28 2.00 133.6 68.0 
M26 6.93 1943 2.31 1.65 150.4 67.0 
M27 6.43 1805 2.41 1.64 168.8 68.0 
M28 6.97 2141 2.10 1.89 133.6 65,5 
M29 6.37 1620 2.47 1.87 137.5 65.5 
M30 6.03 1442 2.54 1.85 172.5 66.5 
M31 6.20 1449 2.65 1.71 143.3 67.5 
M32 5.34 1613 2.46 1.45 150.2 65.0 
M33 6.07 1036 3.17 2.22 178.0 67.0 
M34 6.67 1567 2.34 2.10 148.5 66.0 
M35 6.57 1823 2.22 1.85 128.4 66.5 
M36 6.50 1633 2.04 2.05 162.6 64.5 
M37 6.73 1278 3.11 1.88 143.4 68.5 
M38 5.47 1367 2.35 1.78 140.2 65.5 
M39 5.87 2029 1.88 1.79 119.3 66.5 
M40 6.33 1683 2.39 1.78 108.5 67.0 
LSD, 5% 1.12 435 0.52 0.40 13.7 1.6 
1% 1.48 575 0.69 0.52 18.1 2.1 
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Table 25. Individual-hybrid means for grain yield and other traits 















K 60 X Ml 6 .86 1898 2.92 1.30 140.8 62.0 
M2 6 .10 1438 2.86 1.77 142.7 61.0 
M3 6 .37 1564 3.04 1.49 133.3 60.0 
M4 6 .37 1436 3.09 1.54 165.0 61.0 
M5 6 .75 1534 2.50 2.03 116.3 55.5 
M6 7 .33 1892 2.24 1.91 143.1 62.0 
M7 6 .92 1563 2.81 1.77 153.9 61.0 
M8 8 .23 1312 3.47 2.04 184.8 59.5 
M9 6 .94 1464 2.80 2.06 140.8 61.0 
M10 6 .89 1356 2.98 1.83 146.9 60.5 
Mil 5 .36 1099 3.49 1.67 149.3 61.0 
M12 5 .25 1292 3.07 1.64 120.3 59.0 
M13 6 .18 1347 3.17 1.54 127.0 60.0 
M14 4, .65 1120 2.76 1.91 118.1 59.0 
M15 5, .77 1096 3,44 1.75 140.9 59.0 
M16 7, .63 1729 3.08 1.60 171.7 60.0 
Ml? 6. 07 1026 3.61 1.81 127.2 61.0 
MIS 5, .52 1220 3.07 1.70 135.2 61.0 
M19 6. 21 1770 2.48 1.75 114.9 59.0 
M20 6. 07 1363 2.97 1.69 152.8 61.0 
M21 6. 04 1206 3.15 1.84 134.5 60.5 
M22 6. 18 1225 3.61 1.51 147.1 58.5 
M23 6. 70 1992 2.40 1.53 122.7 62.0 
M24 6. ,83 1565 2.62 1.82 162.7 63.5 
M25 6. ,81 2085 2.43 1.43 120.7 62.5 
M26 7. ,19 1584 3.03 1.72 125.9 61.5 
M27 6. ,78 2403 2.88 1.22 176.1 62.5 
M28 7. ,33 1761 2.66 1.66 149.2 61.0 
M29 6. ,70 1565 2.83 1.65 149.3 59.5 
M30 6. 75 1204 3.31 1.88 186.9 60.0 
M31 5. 61 1749 2.46 1.62 128.1 63.5 
M32 6. 26 1434 3.05 1.61 152.1 58.5 
M33 7. 71 1280 3.63 1.79 165.7 60.5 
M34 6. 83 1303 3.39 1.67 164.0 61.0 
M35 7. 41 1985 2.26 1.73 132.8 58.5 
M36 5. 77 1407 2.80 1.60 136.0 59.0 
M37 7. 00 1442 2.97 1.84 150.0 62.5 
M38 S. 92 1690 2.82 1.59 168.2 60.0 
M39 6. 04 1987 2.31 1.44 120.3 61.0 
M40 6. 64 1525 3.05 1.63 151.7 60.5 
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Table 25 (Continued) 








R 58 X Ml 6 .64 1814 2.46 1.80 144.8 58.0 
M2 7 .27 1794 2.75 1.67 148.2 60.0 
M3 6 .92 1702 2.93 1.78 143.7 58.0 
M4 5 .99 1162 3.27 1.82 156.6 56.0 
M5 6 .15 992 3.34 2.02 199.3 56.0 
M6 7 .05 1445 3.15 1.69 162.2 59.0 
M7 6 .42 1219 3.37 1.66 181.5 58.0 
M8 7 .41 1480 3.33 1.86 173.9 60.0 
M9 6 .75 1447 2.93 1.81 151.8 57.0 
M10 6 .40 1350 2.77 2.12 150.6 62.0 
Mil 6 .67 1364 3.03 2.08 147.0 59.5 
M12 5, .44 1685 2.54 1.36 156.7 55.5 
M13 6 .53 1471 2.90 1.90 146.7 59.0 
M14 6, .21 1130 3.41 2.06 148.7 57.0 
M15 5, .44 1494 3.03 1.47 151.9 59.5 
M16 8, .12 1783 2.86 1.94 189.6 60.0 
M17 7, .02 1390 2.75 2.15 121.6 57.5 
M18 5, .77 1595 2.31 1.83 136.0 59.0 
M19 6, .70 1429 3.07 1.83 128.5 60.5 
M20 5. 93 1227 2.70 1.90 123.9 61.0 
M21 6. 18 1270 2.94 1.86 132.9 56.0 
M22 5, .12 1014 3.64 1.51 164.3 56.0 
M23 6. ,75 2018 2.27 1.74 128.9 60.0 
M24 6. ,02 1562 2.75 1.55 119.2 56.5 
M25 6. ,53 1786 2.69 1.61 131.2 60.5 
M26 7. ,41 1912 2.67 1.76 162.1 60.0 
M27 6. ,07 1559 2.99 1.54 179.4 61.0 
M28 6. ,21 1984 2.59 1.60 123.0 61.0 
M29 6. ,31 1745 2.51 1.83 130.7 59.0 
M30 5. 99 1485 2.95 1.68 182.5 59.5 
M31 6. 26 1303 3.04 1.95 171.2 59.5 
M32 6. 04 1293 3.19 1.66 130.7 56.5 
M33 5. 28 972 3.33 1.72 181.3 60.0 
M34 6. 81 1199 3.51 1.88 178.8 60.5 
M35 6. 07 1701 2.41 1.65 143.8 60.0 
M36 6. 72 1458 2.93 1.78 158.0 56.5 
M37 7. 02 1527 3.19 1.58 165.9 61.0 
M38 6. 78 1655 2.70 1.75 157.5 59.0 
M39 6. 51 1904 2.60 1.39 129.1 58.5 
M40 6. 53 1460 2.95 1.81 204.5 61.5 
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Table 25 (Continued) 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height midbloom 
(Mg/ha) (q) (cm) 
MAR X Ml 6.37 2020 2.33 1.54 150.0 62.0 
M2 6.07 1494 2.68 1.72 149.4 61.5 
M3 7.11 1509 2.70 2.04 142.7 61.5 
M4 5.96 1164 3.04 1.86 164.4 60.5 
M5 6.53 1411 2.78 2.09 152.5 59.5 
M6 6.67 1779 2.50 1.73 134.5 61.5 
M7 6.29 1314 3.19 1.76 154.5 59.0 
M8 7.02 1308 3.09 1.83 186.7 59.5 
M9 7.08 1283 2.98 2.07 146.3 58.0 
M10 6.83 1220 3.05 2.28 149.9 61.0 
Mil 6.81 1392 2.59 2.02 152.3 61.0 
M12 6.34 1633 2.67 1.71 153.5 59.5 
M13 7.24 1471 3.06 1.79 144.4 60.0 
M14 6.23 1424 3.03 1.58 148.7 58.5 
MIS 7.08 1817 2.62 1.72 172.2 61.0 
M16 6.97 1636 2.69 1.65 171.3 58.5 
M17 6.26 1401 2.74 1.98 123.1 60.5 
M18 6.70 1252 2.86 2.05 129.1 59.5 
M19 6.37 1245 2.98 1.94 110.3 60.5 
M20 6.04 1430 2.57 1.79 143.3 59.5 
M21 6.04 1124 3.15 1.90 133.6 59.5 
M22 5.85 1046 3.19 1.82 180.1 61.5 
M23 5.91 2086 2.32 1.31 136.0 63.0 
M24 6.12 1318 2.98 1.86 186.2 61.0 
M25 6.53 1521 2.60 1.91 129.0 62.5 
M25 7.24 1622 2.77 1.89 149.7 64.0 
M27 5.85 1562 2.45 1.72 201.0 64.0 
M28 5.77 1690 2.77 1.49 132.1 61.5 
M29 6.21 1482 2.76 1.75 137.7 62.0 
M30 6.83 1351 2.93 1.88 184.9 62.0 
M31 6.53 1547 2.83 1.69 162.1 63.5 
M32 6.42 1596 2.84 1.66 144.9 60.5 
M33 6.59 1051 3.55 1.90 171.9 61.5 
M34 6.89 1127 3.12 2.10 156.8 61.0 
M35 6.72 1736 2.36 1.95 129.6 59.5 
M36 7.11 1339 3.18 2.00 169.0 60.5 
M37 5.99 1241 3.02 1.77 157.4 62.5 
M38 6.34 1406 2.64 1.93 146.9 61.5 
M39 7.19 1487 2.68 2.08 133.6 60.0 
M40 6.59 1697 2.35 1.88 126.9 61.0 
LSD, 5% 0.99 413 0.48 0.44 15.2 2.2 
1% 1.31 546 0.64 0.59 20.1 2.8 
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Table 26. Individual-hybrid means for grain yield and other traits 
measured at the Agronomy Research Center, 1988 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height raidbloom 
(Mg/ha) (q) (cm) 
K 60 X MI 6.61 2438 2.27 1.44 132.8 61.5 
M2 6.42 2088 2.30 1.38 132.8 65.0 
M3 6.13 2021 2.55 1.25 127.8 62.5 
M4 4.96 1434 2.90 1.29 144.8 62.0 
M5 5.34 1949 2.07 1.51 121.0 58.5 
M6 7.02 1959 2.37 1.77 140.2 65.5 
M7 6.56 2035 2.38 1.56 143.0 61,0 
MB 6.10 1770 2.76 1.42 188.0 66.0 
M9 5.64 1891 2.23 1.48 126.0 59.0 
M10 6.07 1605 2.57 1.84 126.4 64.0 
Mil 5.69 1863 2.24 1.44 126.2 60.5 
M12 5.34 1754 2.39 1.45 118.6 62.5 
M13 5.86 1750 2.20 1.59 121.2 64.5 
M14 4.64 1370 2.72 1.42 141.9 62.0 
M15 5.34 1632 2.67 1.34 153.7 64.0 
M16 5.34 1904 2.28 1.29 159.6 63.5 
M17 6.48 1713 2.45 1.66 125.8 66.0 
M18 5.69 1626 2.44 1.67 134.7 61.5 
M19 5.18 1743 2.16 1.48 117.9 62.0 
M20 5.96 2112 2.29 1.32 146.3 65.5 
M21 5.80 1523 2.81 1.53 136.2 62.0 
M22 6.40 1599 3.03 1.46 137.3 60.0 
M23 5.86 2229 2.31 1.25 117.7 66.5 
M24 6.64 1707 2.98 1.47 131.3 65.0 
M25 6.02 2613 1.94 1.32 125.1 65.5 
M26 6.29 2078 2.26 1.61 127.3 65.0 
M27 6.69 2261 2.48 1.35 158.7 65.5 
M28 5.50 2454 1.76 1.34 121.5 62.0 
M29 5.99 1935 2.47 1.36 133.0 62.0 
M30 5.37 1527 2.41 1.70 162.2 62.5 
M31 5.56 1833 2.12 1.65 107.2 62.0 
M32 5.59 1740 2.55 1.42 133.8 59.5 
M33 6.05 1466 2.94 1.58 138.7 61.0 
M34 5.29 1587 2.37 1.56 135.4 61.0 
M35 6.37 2107 2.19 1.51 123.4 59.0 
M36 5.96 1765 2.52 1.48 143.7 60.0 
M37 6.34 2018 2.39 1.52 132.3 63.0 
M38 5.96 1926 2.47 1.30 145.8 60.5 
M39 6.34 2161 2.18 1.42 114.3 63.0 
M40 5.75 1925 2.31 1.35 133.1 66.5 
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Table 26 (Continued) 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height midbloom 
(Mg/ha) (g) (cm) 
R 58 X Ml 5.96 2456 1.86 1.52 143.0 60.5 
M2 6.80 2343 2.07 1.65 139.7 60.0 
M3 5.61 1674 2.21 1.75 128.2 60.0 
M4 4.75 1295 2.74 1.48 131.4 58.5 
M5 6.45 1116 3.11 1.93 160.3 58.5 
M6 6.07 1652 2.58 1.64 128.3 62.0 
M7 5.88 1427 2.99 1.56 172.2 59.5 
M8 7.26 2065 2.68 1.44 157.2 67.5 
M9 5.13 2183 1.89 1.31 133.9 59.5 
M10 5.18 1408 2.23 1.89 124.9 63.0 
Mil 5.10 1307 2.45 1.63 136.2 61.0 
M12 5.17 1923 2.21 1.42 130.9 57.0 
M13 4.99 1505 2.24 1.78 132.6 62.0 
M14 5.59 1517 2.89 1.41 123.9 57.0 
M15 5.15 1352 2.82 1.57 129.1 61.5 
M16 5.48 1812 2.18 1.51 163.3 57.5 
M17 5.80 2084 1.96 1.60 115.8 62.5 
MIS 5.86 1780 2.01 1.81 126.4 63.0 
M19 6.34 1663 2.80 1.57 125.4 57.0 
M20 5.64 1221 2.46 1.95 116.4 64.5 
M21 5.07 1353 2.45 1.83 121.3 58.5 
M22 4.88 1332 3.00 1.42 155.4 58.0 
M23 5.48 2355 1.79 1.53 121.4 62.5 
M24 5.13 1820 2.05 1.51 110.6 58.0 
M25 5.34 1469 2.39 1.75 126.7 63.0 
M26 5.32 1571 2.81 1.44 154.0 62.0 
M27 5.53 1768 2.67 1.26 161.3 63.0 
M28 5.15 2377 1.73 1.64 121.4 61.0 
M29 5.61 1609 2.48 1.91 129.6 61.0 
M30 6.07 1609 2.67 1.52 156.9 61.5 
M31 4.88 1950 2.03 1.45 130.7 60.0 
M32 5.15 1477 2.53 1.52 134.2 57.0 
M33 4.59 1051 3.05 1.67 146.9 62.0 
M34 5.48 1200 3.19 1.59 148.7 61.0 
M35 4.94 1288 2.53 1.69 133.7 60.5 
M36 5.45 1376 2.56 1.78 126.8 58.5 
M37 5.50 1783 2.17 1.81 143.9 60.5 
M38 5.10 1576 2.51 1.36 138.0 59.5 
M39 5.04 1934 2.13 1.39 110.6 61.0 
M40 5.37 1518 2.82 1.34 171.4 64.5 
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Table 26 (Continued) 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height midbloonn 
(Mg/ha) (g) (cm) 
Mz\R X Ml 6.10 1941 2.16 1.63 139.2 66.0 
M2 5.80 1657 2.32 1.63 139.4 65.0 
M3 6.21 1781 2.35 1.77 142.6 65.5 
M4 5.37 1383 2.66 1.57 149.4 58.5 
M5 6.32 1470 2.56 2.03 145.9 61.0 
M6 7.05 2416 2.00 1.72 135.2 67.0 
M7 5.80 1714 2.22 1.66 148.7 61.5 
M8 6.02 1619 2.60 1.45 169.2 65.0 
M9 4.99 1925 1.67 1.91 120.8 60.5 
M10 5.72 1581 2.28 1.70 129.4 61.5 
Mil 5.13 1729 2.05 1.66 138.0 65.5 
M12 5.02 1827 2.29 1.27 128.4 61.0 
M13 4.96 1560 2.30 1.69 140.2 64.5 
Ml 4 4.59 1493 2.35 1.40 136.6 62.0 
M15 5.83 1673 2.52 1.65 135.3 62.0 
M16 5.94 2025 2.11 1.54 142.5 60.5 
M17 5.99 1565 2.40 1.74 118.1 66.5 
M18 5.23 1514 2.22 1.81 121.3 61.5 
M19 5.61 1618 2.25 1.66 107.4 61.0 
M20 5.77 1665 2.31 1.90 134.0 62.5 
M21 6.05 1641 2.61 1.54 124.5 62.5 
M22 4.91 1176 3.10 1.56 153.6 63.0 
M23 5.02 1577 2.27 1.50 114.7 68.5 
M24 6.10 1382 2.51 1.57 134.4 68.0 
M25 5.56 1669 2.36 1.53 131.0 66.5 
M26 5.48 1800 2.20 1.67 140.9 66.5 
M27 5.26 1601 2.43 1.44 170.3 69.0 
M28 5.75 2018 2.08 1.52 124.4 60.5 
M29 4.72 1914 2.42 1.51 125.6 63.5 
M30 5.45 1916 2.05 1.48 177.9 64.5 
M31 5.28 1400 2.70 1.44 152.4 64.0 
M32 5.40 1582 2.65 1.44 143.2 61.0 
M33 5.25 1251 2.80 1.69 165.1 64.5 
M34 5.21 1444 2.21 1.77 159.1 62.5 
M35 5.48 2281 1.67 1.68 122.4 61.0 
M36 5.88 1516 2.83 1.57 128.4 60.5 
M37 5.45 1376 2.67 1.59 134.8 66.0 
M38 5.13 1444 2.63 1.47 129.8 63.0 
M39 5.32 1879 2.04 1.51 122.9 63.5 
M4J 5.69 1613 2.54 1.54 117.4 64.9 
5D, 5% 1.01 467 0.52 0.28 15.8 3.2 
1% 1.33 617 0.69 0.37 20.9 4.3 
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Table 27. Individual-hybrid means for grain yield and other traits 
measured at the Burkey Research Farm, 1988 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height midbloom 
(Mg/ha) (g) (cm) 
K 60 X Ml 7.09 2557 2.50 1.15 131.8 57.5 
M2 6.96 2418 2.71 1.16 122.8 58.5 
M3 6.63 2196 2.72 1.25 126.9 58.5 
M4 6.72 1898 3.33 1.20 143.7 56.5 
M5 6.42 2759 2.10 1.24 113.3 56.0 
M6 7.87 2967 2.26 1.22 134.9 59.5 
M7 7.12 2237 2.60 1.34 146.4 57.0 
M8 8.02 2719 2.90 1.05 170.7 59.0 
M9 6.03 1687 2.77 1.40 135.4 56.5 
M10 6.63 1705 2.96 1.39 129.4 57.0 
Mil 6.72 1677 2.87 1.60 129.2 57.0 
M12 5.70 2048 2.62 1.14 121.3 56.5 
M13 6.54 2003 2.57 1.37 122.8 57.0 
M14 5.73 1873 3.01 1.11 145.2 56.5 
M15 6.13 1851 3.04 1.20 146.6 57.5 
M16 7.45 2531 2.54 1.22 155.1 57.0 
M17 6.60 1604 3.05 1.40 119.3 61.0 
M18 6.12 1898 2.78 1.20 133.7 59.0 
M19 6.36 2375 2.15 1.28 116.1 56.5 
M20 6.84 2081 2.80 1.22 142.6 60.0 
M21 5.39 1791 2.87 1.12 121.0 56.5 
M22 6.72 2178 2.91 1.10 130.4 56.0 
M23 6.72 2765 2.10 1.26 105.3 60.5 
M24 6.60 2082 2.93 1.12 124.7 61.0 
M25 6.78 2996 2.12 1.20 117.5 60.5 
M26 5.60 2093 2.47 1.12 117.1 59.5 
M27 7.33 2776 2.44 1.22 147.0 59.5 
M28 6.60 2495 2.57 1.08 124.6 58.0 
M29 5.73 2123 2.63 1.07 124.2 58.0 
M30 6.39 2133 2.86 1.10 158.9 56.0 
M31 5.82 1998 2.38 1.29 101.1 58.0 
M32 6.42 2271 2.71 1.10 139.9 56.5 
M33 6.72 2043 2.76 1.23 148.2 57.0 
M34 6.81 1829 3.05 1.27 138.3 • 56.5 
M35 5.54 2437 2.21 1.12 125.5 56.0 
M36 5.85 1891 2.99 1.07 137.3 56.5 
M37 6.87 2490 2.45 1.19 127.1 57.0 
M38 6.48 2195 2.88 1.09 138.7 57.0 
M39 5.88 2540 2.32 1.09 102.2 58.0 
M40 6.84 2563 2.52 1.10 117.6 58.5 
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Table 27 (Continued) 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height midbloom 
(Mq/ha) (g) (cm) 
R 58 X Ml 6.39 2379 2.38 1.23 136.8 57.0 
M2 7.09 2231 2.60 1.40 135.0 57.5 
M3 6.24 2362 2.45 1.21 133.1 56.0 
M4 5.94 1783 2.95 1.21 129.3 56.0 
MS 6.09 1435 3.14 1.43 176.3 56.0 
M6 7.05 2579 2.43 1.26 138.2 58.5 
M7 6.75 1933 2.94 1.33 154.9 56.5 
M8 8.29 2641 2.67 1.26 158.2 61.0 
M9 5.03 1664 2.60 1.22 133.7 56.0 
M10 6.78 1676 2.92 1.51 129.2 56.5 
Mil 6.06 1595 2.71 1.45 133.5 56.5 
M12 5.09 2104 2.35 1.09 157.0 56.0 
M13 5.30 1954 2.44 1.17 133.9 56.5 
M14 4.79 1641 2.83 1.10 146.7 56.0 
M15 5.45 1766 3.03 1.08 136.0 57.5 
M16 7.63 2672 2.26 1.39 149.5 56.0 
Ml? 6.54 2175 2.33 1.33 114.1 58.5 
M18 5.21 2148 2.14 1.35 123.5 56.5 
M19 6.15 1787 2.88 1.25 121.4 56.5 
M20 5.85 1544 2.28 1.78 107.2 60.0 
M21 6.15 1868 2.57 1.36 122.8 55.5 
M22 5.27 1381 3.15 1.25 150.8 55.0 
M23 6.06 2663 2.02 1.21 110.9 59.0 
M24 5.91 2159 2.29 1.23 112.4 57.0 
M25 6.60 2452 2.27 1.30 119.8 59.0 
M26 6.48 2458 2.28 1.30 139.7 57.5 
M27 6.51 2418 2.61 1.10 145.8 57.5 
M28 5.57 2333 2.15 1.30 112.2 56.5 
M29 5.79 2465 2.23 1.18 114.7 56.5 
M30 5.27 1888 2.64 1.14 160.5 56.0 
M31 6.15 2145 2.43 1.22 138.1 56.0 
M32 5.33 1742 2.91 1.16 126.7 56.0 
M33 6.63 1736 3.04 1.42 162.0 57.5 
M34 5.82 1527 3.15 1.27 144.5 57.0 
M35 5.27 2016 2.63 1.07 141.2 57.0 
M36 5.21 1661 3.00 1.17 128.4 56.0 
M37 6.12 2148 2.64 1.25 132.9 56.5 
M38 5.70 2157 2.60 1.13 139.6 56.5 
M39 5.67 2352 2.30 1.08 110.4 57.0 
M43 6.12 2015 2.85 1.13 158.4 58.0 
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Table 27 (Continued) 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Hybrid yield panicle weight plant height midbloorn 
(Mg/ha) (g) (cm) 
MAR X Ml 6.69 2581 2.23 1.20 135.7 60.0 
M2 6.72 2629 2.34 1.21 130.6 57.0 
M3 6.84 2500 2.42 1.25 133.3 58.5 
M4 6.06 1975 2.68 1.22 148.0 56.5 
M5 6.45 1669 2.95 1.44 134.3 56.5 
M6 7.05 2545 2.32 1.30 130.5 63.0 
M7 6.33 2253 2.52 1.17 138.6 57.0 
M8 7.69 2401 2.72 1.26 166.6 58.0 
M9 5.70 1758 2.57 1.39 138.7 57.0 
M10 6.60 1626 2.80 1.50 133.6 57.0 
Mil 5.91 2070 2.22 1.47 128.2 58.0 
M12 5.91 2196 2.49 1.13 134.9 56.5 
M13 6.33 1937 2.72 1.30 134.4 57.0 
M14 4.79 2013 2.46 1.04 121.3 56.5 
M15 6.78 2004 3.04 1.15 149.4 58.0 
M16 6.33 2477 2.44 1.10 143.2 56.5 
M17 6.18 2099 2.29 1.38 107.4 59.5 
M18 5.82 1864 2.37 1.45 122.2 56.5 
M19 5.73 1592 2.67 1.60 103.3 58.0 
M20 6.24 1883 2.41 1.51 136.1 57.0 
M21 5.57 1861 2.55 1.25 121.1 58.0 
M22 6.03 1821 2.98 1.30 143.3 57.0 
M23 6.00 2758 1.96 1.15 106.5 61.0 
M24 6.18 2280 2.67 1.09 159.6 59.0 
M25 6.06 2512 2.12 1.20 120.9 61.5 
M26 6.36 2555 2.35 1.12 123.9 61.5 
M27 6.63 2640 2.45 1.17 150.7 60.5 
M28 5.51 2362 2.23 1.14 117.0 57.0 
M29 5.63 2354 2.25 1.14 113.3 57.0 
M30 5.91 1841 2.81 1.18 154.4 57.5 
M31 5.76 2105 2.43 1.23 111.3 58.5 
M32 5.85 1778 2.86 1.20 131.5 56.5 
M33 6.39 1790 3.10 1.30 151.4 59.0 
M34 5.42 1787 2.62 1.20 133.7 56.5 
M35 5.33 2018 2.46 1.13 114.4 56.5 
M36 5.76 2074 2.60 1.13 133.4 56.5 
M37 6.39 1872 2.71 1.36 134.6 59.0 
M38 6.03 1948 2.75 1.21 129.5 57.0 
M39 5.21 2123 2.33 1.10 114.9 58.0 
M40 5.79 2608 2.15 1.10 108.4 59.5 
;D, 5% 0.69 446 0.40 0.20 10.3 1.5 
1% 0.91 589 0.52 0.26 13.6 2.0 
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Table 28. Hybrid means grouped by male parents for grain yield and 
other traits averaged over three female parents at the 
Agronomy Research Center, 1987 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Male parent yield panicle weight plant height midbloom 
(Mg/ha) (g) (cm) 
Ml 7.67 1858 2.52 1.78 138.7 66.5 
M2 7.04 1887 2.32 1.91 135.0 66.7 
M3 7.24 1861 2.42 1.86 133.9 66.0 
M4 5.48 1159 2.80 1.91 153.0 65.3 
M5 6.45 1378 2.54 2.01 151.8 63.7 
M6 7.84 1861 2.35 1.99 133.4 66.5 
M7 7.12 1659 2.44 2.13 154.2 64.7 
M8 7.79 1731 2.78 1.68 170.9 66.0 
M9 6.99 1685 2.31 2.07 145.4 64.7 
M10 7.48 1629 2.39 2.35 141.1 65.8 
Mil 7.09 1627 2.47 2.04 141.8 65.2 
M12 5.73 1686 2.43 1.59 141.9 64.7 
M13 6.41 1691 2.41 1.79 133.2 65.5 
M14 4.76 1239 2.70 1.53 143.1 64.2 
M15 5.87 1421 3.06 1.56 146.8 66.0 
M16 7.68 2087 2.27 1.99 157.0 65.2 
Ml? 6.11 1304 2.62 2.09 118.7 66.2 
M18 5.80 1344 2.49 2.07 134.7 65.8 
M19 5.80 1558 2.34 1.88 111.7 65.3 
M20 6.63 1753 2.27 1.92 135.9 66.0 
M21 6.54 1365 2.79 1.87 131.0 64.7 
M22 5.82 1111 3.08 1.93 151.2 63.8 
M23 6.31 2236 1.77 1.84 114.1 66.2 
M24 6.85 1335 2.21 1.88 146.9 65.5 
M25 6.00 1669 2.30 1.82 127.1 67.3 
M26 7.15 1815 2.37 1.82 141,8 66.2 
M27 6.87 2054 2.40 1.50 164.7 66.8 
M28 6.69 2268 2.01 1.95 128.5 65.7 
M29 6.10 1649 2.45 1.75 133.5 65.7 
M30 6.54 1551 2.58 1.85 170.8 65.8 
M31 6.48 1613 2.57 1.72 139.8 66.8 
M32 5.18 1335 2.67 1.68 144.2 64.3 
M33 5.79 1174 2.95 1.97 176.1 66.2 
M34 6.09 1188 2.80 2.07 158.8 65.8 
M35 6.00 1650 2.36 1.85 135.3 65.5 
M36 6.24 1426 2.49 1.95 151.8 64.3 
M37 6.43 1409 2.84 1.83 150.4 67.2 
M38 6.38 1462 2.52 1.89 147.3 65.7 
M39 6.10 1839 2.11 1.86 114.0 66.0 
M40 6.33 1621 2.60 1.68 143.2 67.3 
LSD, 5% 0.58 249 0.31 0.26 9.8 0.9 
1% 0.78 334 0.41 0.35 13.1 1.2 
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Table 29. Hybrid means grouped by male parents Eor grain yield and 
other traits averaged over three female parents at the 
Burkey Research Farm in 1987 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Male parent yield panicle weight plant height midbloom 
(Mq/ha) (g) (cm) 
Ml 6.62 1910 2.57 1.55 145.2 60.7 
M2 6.48 1575 2.76 1.72 146.8 60.8 
M3 6.80 1592 2.89 1.77 139.9 59.8 
M4 6.11 1254 3.13 1.74 162.0 59.2 
M5 6.48 1312 2.87 2.04 156.0 57.0 
M6 7.02 1705 2.63 1.78 146.6 60.8 
M7 6.54 1366 3.12 1.73 163.3 59.3 
M8 7.55 1366 3.30 1.91 181.8 59.7 
M9 6.92 1398 2.90 1.98 146.3 58.7 
M10 6.71 1309 2.93 2.08 149.1 61.2 
Mil 6.28 1285 3.04 1.92 149.5 60.5 
M12 5.68 1537 2.76 1.57 143.5 58.0 
M13 6.65 1430 3.04 1.74 139.4 59.7 
M14 5.70 1225 3.06 1.85 138.5 58.2 
Ml 5 6.10 1469 3.03 1.65 155.0 59.8 
M16 7.57 1716 2.87 1.73 177.5 59.5 
M17 6.45 1272 3.03 1.98 124.0 59.7 
M18 6.00 1356 2.75 1.86 133.4 59.8 
M19 6.42 1481 2.84 1.84 117.9 60.0 
M20 6.02 1340 2.74 1.79 140.0 60.5 
M21 6.09 1200 3.08 1.87 133.7 58.7 
M22 5.72 1095 3.48 1.61 163.8 58.7 
M23 6.45 2032 2.33 1.53 129.2 61.7 
M24 6.32 1482 2.78 1.75 156.0 60.3 
M25 6.62 1797 2.57 1.65 127.0 61.8 
M25 7.28 1706 2.82 1.79 145.9 61.8 
M27 6.23 1842 2.77 1.49 185.5 62.5 
M28 6.43 1812 2.67 1.58 134.8 61.2 
M29 6.57 1597 2.70 1.74 139.2 60.2 
M30 6.52 1347 3.06 1.81 184.8 60.5 
M31 6.13 1533 2.78 1.75 153.8 62.2 
M32 6.24 1441 3.03 1.64 142.6 58.5 
M33 6.52 1101 3.50 1.80 173.0 60.7 
M34 6.84 1210 3.34 1.88 166.5 60.8 
M35 6.73 1807 2.34 1.78 135.4 59.3 
M36 6.53 1401 2.97 1.79 154.3 58.7 
M37 6.67 1404 3.06 1,73 157.8 62.0 
M38 6.68 1584 2.72 1.75 157.5 60.2 
M39 6.58 1793 2.53 1.64 127.7 59.8 
M40 5.59 1561 2.78 1.77 161.0 61.0 
LSD, 5% 0.48 236 0.26 0.23 8.5 1.2 
1% 0.64 315 0.35 0.31 11.4 1.6 
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Table 30. Hybrid means grouped by male parents for grain yield and 
other traits averaged over three female parents at the 
Agronomy Research Center in 1988 
Grain Seeds/ 100-seed Panicles/ Plant Days to 
Male parent yield panicle weight plant height midbloom 
(Mg/ha) (g) (cm) 
Ml 6.23 2278 2.10 1.53 138.3 62.7 
M2 6.,34 2030 2.23 1.55 137.3 63.3 
M3 5.,98 1825 2.37 1.59 132.9 62.7 
M4 5., 03 1370 2.76 1.45 141.9 59.7 
M5 6.04 1512 2.58 1.82 142.4 59.3 
M6 6.71 2009 2.31 1.71 134.6 64.8 
M7 6.08 1725 2.53 1.60 154.6 60.7 
MB 6.46 1818 2.68 1.44 171.5 66.2 
M9 5.25 2000 1.93 1.57 126.9 59.7 
M10 5.66 1531 2.36 1.81 126.9 62.8 
Mil 5.32 1633 2.24 1.58 133.5 62.3 
M12 5.18 1835 2.29 1.38 126.0 60.2 
M13 5.27 1605 2.24 1.69 131.3 63.7 
M14 4.94 1460 2.65 1.41 134.1 60.3 
M15 5.44 1553 2.67 1.52 139.4 62.5 
M16 5.59 1914 2.19 1.45 155.1 60.5 
M17 6.09 1787 2.27 1.67 119.9 65.0 
MIS 5.59 1640 2.22 1.77 127.5 62.0 
M19 5.71 1675 2.40 1.57 116.9 60.0 
M20 5.79 1666 2.35 1.72 132.2 64.2 
M21 5.64 1505 2.62 1.63 127.3 61.0 
M22 5.40 1369 3.04 1.48 148.8 60.3 
M23 5.45 2054 2.12 1.42 117.9 65.8 
M24 5.96 1803 2.51 1.52 142.1 63.7 
M25 5.64 1917 2.23 1.54 127.6 65.0 
M26 5.69 1816 2.42 1.57 140.7 64.5 
M27 5.83 1877 2.52 1.35 163.4 65.8 
M28 5.47 2283 1.85 1.50 122.4 61.2 
M29 5.44 1820 2.46 1.59 129.4 62.2 
M30 5.63 1684 2.38 1.57 165.7 62.8 
M31 5.24 1728 2.28 1.52 130.1 62.0 
M32 5.38 1599 2.58 1.46 137.1 59.2 
M33 5.30 1256 2.93 1.65 150.2 62.5 
M34 5.32 1410 2.59 1.64 147.7 61.5 
M35 5.59 1892 2.13 1.63 126.5 60.2 
M36 5.77 1552 2.63 1.61 133.0 59.7 
M37 5.77 1726 2.41 1.64 137.0 63.2 
M38 5.40 1649 2.54 1.38 137.9 61.0 
M39 5.57 1991 2.11 1.44 115.9 62.5 
M40 5.60 1687 2.56 1.41 140.6 65.0 
LSD, 5% 0.69 317 0.37 0.20 7.8 1.9 
1% 0.92 424 0.49 0.27 10.5 2.6 
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Table 31. Hybrid means grouped by male parents for grain yield and 
other traits averaged over three female parents at the 
Burkey Research Farm in 1988 
Grain 












Ml 6 .72 2506 2.37 1 .19 134.8 58.2 
M2 6 .92 2426 2.55 1 .26 129.5 57.7 
M3 6 .57 2353 2.53 1 .24 131.1 57.7 
M4 6 .24 1885 2.98 1 .21 140.3 56.3 
M5 6 .32 1954 2.73 1 .37 141.3 56.2 
M6 7 .33 2697 2.34 1 .26 134.5 60.3 
M7 6 .73 2141 2.69 1 .28 146.6 56.8 
MB 8 .00 2587 2.76 1 .19 165.2 59.3 
M9 5 .58 1703 2.65 1 .34 135.9 56.5 
M10 6 .67 1669 2.89 1 .47 130.7 56.8 
Mil 6 .23 1781 2.60 1 .50 130.3 57.2 
M12 5 .56 2116 2.48 1 .12 137.7 56.3 
M13 6 .  06 1965 2.58 1, .28 130.4 56.8 
M14 5 .  10 1842 2.76 1 .08 137.7 56.3 
M15 6, .14 1873 3.04 1, .14 144.0 57.7 
M16 7, .14 2560 2.41 1, .24 149.3 56.5 
Ml 7 6, .44 1959 2.56 1, .37 113.6 59.7 
M13 5, .72 1970 2.43 1, .33 126.5 57.3 
M19 6, .08 1918 2.57 1, .38 113.6 57.0 
M20 6. 31 1836 2.49 1. 50 128.6 59.0 
M21 5, .71 1840 2.66 1, .24 121.6 56.7 
M22 6. ,01 1793 3.01 1. 22 141.5 56.0 
M23 6, .26 2729 2.02 1. 21 107.6 60.2 
M24 6. 23 2174 2.63 1. ,15 132.2 59.0 
M25 6. 48 2654 2.17 1. ,23 119.4 60.3 
M25 6. ,15 2368 2.37 1. ,18 126.9 59.5 
M27 6. ,82 2611 2.50 1. ,16 147.8 59.2 
M28 5. ,90 2397 2.32 1. ,18 117.9 57.2 
M29 5. ,72 2314 2.37 1. 13 117.4 57.2 
M30 5. 86 1954 2.77 1. 14 157.9 56.5 
M31 5. ,91 2082 2.41 1. 24 116.8 57.5 
M32 5. 87 1930 2.82 1. 15 132.7 56.3 
M33 6. 58 1856 2.97 1. 32 153.9 57.8 
M34 6» 02 1715 2.94 1. 25 138.8 56.7 
M35 5. 38 2157 2.43 1. 11 127.0 56.5 
M36 5. 60 1875 2.86 1. 12 133.0 56.3 
M37 6. 46 2170 2.60 1. 26 131.5 57.5 
M33 5. 07 2100 2.74 1. 14 135.9 56.8 
M39 5. 58 2338 2.31 1. 09 109.2 57.7 
M40 6. 25 2396 2.50 1. 13 128.1 58.7 
LSD, 5% 0. 37 291 0.23 0. 12 6.9 0.7 
1% 0. 49 390 0.31 0. 16 9.3 1.0 
